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Disclosed are methods and compositions for identifymg malignant tumors that overexpress the c-erbB-2 oncogene. Assays 
useful for diagnosis and pro gnosis f neoplastic disease are p rovided which detect the external dnmain of-c-erbB-2,-tfae glycopro - 
tern gp75 and quaiititate the level of gp75 in the biological fluids of mammals carrying a tumor burden. Further disclosed are rec- 
ombmant, syntheticaUy and otherwise biologically produced novel proteins and polypeptides which are encoded by the external 
domwn DNA sequence of the c-erbB-2 oncogene (the gp75 gene) or fragments thereof. Such gp75 proteins and polypeptides are 
useful as vaccmcs, therapeutically in the treatment of cancer either alone or in combination with chem therapeutic agents. Also 
disclosed are antibodies t such gp75 protems and polypeptides which are useful diagnostically and therapeutically. Still further 
disclosed are test kits embodying the assays of this invention. 
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C-erbB-2 Ext-e rnal Domainr GP75 

10 



This invention is in the fields of biochemical 
engineering and imnunochemistry . More particularly, this 
invention relates to recombinant DNA molecules expressed 
in appropriate host organisms as well as novel proteins 
and polypeptide fragments thereof which can be produced 
recombinantly, synthetically or by other means, such as, 
the fragmentation of biologically produced proteins and 
polypeptides. The recombinant DNA molecules of this 
invention are characterized by the DNA which codes for 
proteins and polypeptides from the external domain of the 
c-erbB-2 oncogene which is herein designated glycoprotein 
75 (gp75). The serologically active, immunogenic and/ or 
antigenic proteins and polypeptides are useful as reagents 
for the immunological detection of gp75 in the body fluids 
of cancer patients enabling a diagnostician to make 
important judgements about the status and prognosis of the 
patients, and for the production of antibodies and for 
affinity purification. Central to this invention are 
diagnostic assays designed to detect gp75 in body fluids 
of mammals. The expressed or synthetically or 
biologically produced proteins and polypeptides of this 
invention are further useful as vaccines for enhancing the 
inmunological responses of cancer patients to tumorigenic 
activity and of recovered cancer patients to subsequent 
tumorigenic challenge, still further, said gp75 protsins 
and polypeptides are useful therapeutically in dampening 
the tumorigenic activity of c-erbB-2 expressing cells. 
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The mechanism for malignancy of mammalian cells has 
been and continues to be the subject of intense 
investigation. One of the most promising areas is the 
5 elucidation of how oncogenes are turned on and turned off* 
A number of oncogenes have been shown to play an important 
role in causing cancer. The proteins encoded by oncogenes 
function abnormally and seem to play a part in ordaining 
the transformation of a normal cell into a cancer cell, 

10 Oncogenes were first detected in retroviruses, and then 
cellular cbtinterparts of the viral oncogenes were found. 
A ^retroviral gene responsible for rapid oncogenesis was 
first identified in the early 1970 's in Rous sarcoma virus 
(RSV) , which causes cancer in chickens; the gene was named 

15 src . for sarcoma. In 1975, it was found that the viral 
src gene (v**src) has a nearly exact copy in all chicken 
cells; the cellular counterpart of v-src is c-src. 

A score of oncogenes have since been isolated from 
20 retroviruses that variously cause carcinoma, sarcoma, 

leukemia or lymphoma in chickens, other birds, rats, mice, 
cats or monkeys. In each case, the oncogene has been 
found to be closely related to a normal gene in the host 
animal smd to encode an oncogenic protein similar to a 
25 normal prcrtein. 

Oncogenes were also discovered in human and animal 
tissues. Genes in the DHA of various kinds of tumor 
cells, whetn introduced by transfectlon into normal 
30 cultured cells, transform them into cancer cells. Such 
oncogenes are also virtual copies of proto-oncogenes . 
Whatever the specific mechanism converting a 
proto-oncogene into an ncogen may be, an oncogene exerts 

its^f f ct by-way-of-the-pr6tein-it-enc des^^ — The products 

35 of the prbto^oncog nes from which oncogenes are d rived 
appbedr to have roles that are critical in the regulation 



wo 91/02062 



PCr/US90/04340 



-3- 

of cell growth and differentiation and in embryonic 
development. Transforming proteins may have their 
profound effects on cells because they disturb these 
fundamental cellular processes* 

5 

Enzymatic activity in catalyzing the addition of a 
phosphate molecule to an amino acid (phosphorylation) is 
known to be important in the control of protein function. 
The enzymes that phosphorylate proteins are called protein 
10 kinases (from the Greek kinein, "to move"). Almost 

one-third of all the known oncogenes code for protein 
kinases specific for tyrosine residues. 

Epidermal growth factor (EGF) and platelet-derived 
15 growth factor (PDGF) , when added to a culture of 

nondividing cells, stimulate the cells to divide. EGF and 
PDGF deliver their signal by binding to specific protein 
receptors embedded in the cell's plasma membrane. When the 
receptor protein for EGF was isolated, it was found to be 
20 associated with tyrosine kinase activity, which is 

stimulated when an EGF molecule binds to the receptor. 
The PDGF receptor was then shown to have similar enzymatic 
function. 

25 A human proto-oncogene having tyrosine kinase 

activity was identified by three research groups: Semba 
et al., PNASfUSA^ . 6497 (1984) (designating the gene 
c-grbB-2); Coussens et al.. Science , 23fl:ll32 (1985) 
(designating the gene HER2) ; and King et al., Science ^ 

30 2^9:974 (1985) (designating the gene HAC117} . A related 
rat gene (designated neu) was reported by Schecter et al.. 
Science ^ 229 :976 (1985). Amplification of the gene and/or 
increased translation f expression of the gen has been 
observed in tumor c lis and cell lin s. [See, f r 

35 example, Fukushige et al., Mol . Cell . Biol . . 6:955 (1986) 
wher amplification and elevated expression (mRNA) of the 
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gene were observed in the MKN-7 gastric cell line; 
Coussens et al. , supra > where elevated transcription of 
the gene was Observed in cell lines from a hepatoblastoiaa^ 
a Ewihg sarcoma, a rhabdomyosarcoma, two neuroblastomas, 
5 and a Wilms tumor; Semba et al., supra , where the gene was 
observed td be amplified in a human salivary gland 
adenocarcinoma; King et al., supra , where amplification 
was obsejTved in a mammary carcinoma cell line; Yokota et 
al.. Lancet , 1:756 (1986) where amplification of the gene 
10 was observed in breast , kidney and stomach 

adenocarcinomas; and Tal et al.. Cancer Res., 48s 1517 
(1988) where sporadic amplification of the gene was found 
in adenockrcinomas of various tissues.] 

15 Tlfe c-^erbB-2 receptor is closely related to but 

distinct from the BGF receptor. Like the EGF receptor, 
the 0'-erl:A-2 protein has an extracellular domain, a 
transmembrane domain that includes two cysteine-rich 
repeat clusters, and an intracellular kinase domain; but 

20 the c-^rbB-2 protein has a molecular weight of 185,000 

daltons (185 kd) whereas the EGF receptor has a molecular 
weight of ^bout 170k [Schechter et al., Watture. 31^:513 
(1984)]. Hunter, Sci. 1 70 at 77 (1984), 

postulates that the c-erbB-2 protein (gpl85) mimics the 

25 tyrosine kinase action of the EGF receptor but in an 
unreigulated 

Tyrosiife kinases can be divided into two functional 
groups: titio^e in which the product of the c-src gene is a 
30 prototype, and those that function as cell surface 

receptors. At least twelve mammalian tyrosine kinases 
have been idefltif led as being associated with cellular 
growth factors or their recept rs. Thre of th se 

— —oncogenes share-strong hom iogy with growth f actors"t c*s is 

35 with plat let-derived growth factor (PDGF) , hst and int2 

with fibroblast growth factor (FGF)]. Others share strong 



wo 91/02062 



PCr/US90/04340 



•5- 

hoTttology vrith the growth factor receptors [c-erbB with th 
epidermal growth factor (EGF) receptor, fms with the 
colony-stimulating factor (CSF-1) receptor] for which 
ligands have been identified. The remaining seven, namely 
5 eph, c-erbB-2, c-kit, met, ret, c-ros, and trk, may be 

receptors with ligands, but to date the ligands have not 
been identified. 

There is now mounting evidence that some cells become 
10 tumorigenic due to alterations in their cell surface 
receptors. These alterations can consist of genetic 
rearrangements, point mutations, or gene amplifications at 
the DNA, RNA, or protein level [Drebin et al.. Oncogene , 
2:387 (1988); Bargmann et al.. Cell . 45:649 (1986); Der, 
15 Clin. Chem . . 13:641 (1987)]. Although some of the 

above-referenced receptors are present on the surface of 
normal cells, and the overexpression of certain oncogenes 
has been shown to correlate with tumorigenic activity; 
such is the case of c-erbB-2. 

20 

It has now been observed that the c-erbB-2 oncogene, 
which is capable of transforming cells to malignancy, is 
present in some tumors at very high levels [Zhou et al., 
Cancey Research, 17:6123 (1987); Berger et al.. Cancer 

25 Research. 48:1238 (1988); Kraus et al., Tlie EglBO Journal . 
fi(l):605 (1987); and Slamon et al.. Science . 235:177 
(1987)]. The expression of the c-erbB-2 oncogene, and its 
location in the external membrane of cells appears to be 
closely associated with cancer [Kraus et al., J^; Slamon 

30 et al., M; Drebin et al., Cell . 41:695 (1985) ; and Di 
Fiore et al.. Science . 237:178 (1987)]; it may, in fact, 
be the primary event in the development of cancer in at 
1 ast s me cases [Huller et al., Cell, M^IOS (1988)]. 
Overexpression of th c- rbB-2 protein on the surf ac pf__ 

^ normal cells appears to cause them to be transf rmed r 
oth rwis b have as tumor cells. [Drebin et al., supra : 
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Di Fior et al^ supra ; and Hudziak et al*, PMAS (USA), 
8427159 (1987).] 

Further, patients with high levels of expression of 
5 the c-erbB^2 oncogene have been shown to have a very poor 
clinical prognosis [Slamon et al., Science. 23^:177 
(1987)]. This correlation between the overexpression of 
c-erbB-2 and a poor prognosis can yield information of 
both diagnostic and prognostic value [Kraus et al.. The 
10 EMBO Journal , j6:605 (1987); and Slamon et al., 1^]. A 

decision on the extent of clinical therapy required by the 
patient can be made based on the ability to detect 
overexpression of the c-erbB-2 oncogene or protein. 

15 Mitibodies can be used to detect c-erbB-2 expressed 

in tumor tissues by tissue slice evaluation or 
histopathology. The methodology has demonstrated that 
useful prognostic indications can be achieved [van de 
Vijver et al., ISsl- and Cell Biol >, 2:2019 (1987); Zhou et 

20 al.. Cancer Res .> ^42:6123 (1987); Berger et al.. Cancer 
Res . . 48; 1238 (1988) ; Kraus et al., supra (1987); and 
Slamon et al., supra 1 . There sire, however, many cases in 
which tissue is not readily available or in which it is 
not desirable or not possible to withdraw tissue from 

25 tumors. Therefore, there is a need in the medical art for 
rapid, accurate diagnostic tests that are convenient and 
non-traunatic to patients. The invention claimed herein 
meets said need by providing for non- invasive diagnostic 
assays to detect overexpression of c-erbB-2 in mammals. 

30 

Smith et al.. Science . 238:1704 (1987), reported that 
excess of a soluble membrane receptor (CD4 antigen) blocks 
HIV-1 inf ctivity. 



35 



soluble, s creted forms of CD4 were produced by 
transfecti n of mammalian cells with vectors enc ding 
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verslons of CD4 lacking its transmembrane and cytoplasmic . 
domains. The soluble CD4 produced is reported to bind 
HIV-l's envelope glycoprotein (gpl20) with an affinity and 
specificity comparable to intact CD4. 

Weber and Gill, science 224:294 (1984), reported that 
human epidermoid carcinoma A431 cells in culture produce a 
soluble 105 kd protein which they determined to be related 
to the cell surface domain of the EGF receptor. They 
further determined that the soluble receptor 105 kd 
protein was not derived from the membrane-bound intact 
receptor but separately produced by the cell. 

Hearing et al., 3.- Immsl- , 131(1) s379 (1986), 
demonstrated that the immunization of mice with a purified 
mouse melanoma-specific antigen conferred resistance to 
subsequent challenge with mouse melanoma cells in a 
syngeneic host. 

20 Bernards et al., pwas fUSAK S±i6B5A (1987), 

demonstrated that a recombinant vaccinia virus expressing 
the external domain, the transmembrane anchor domain and 
about 50 amino acids of the intracellular domain of the 
rat equivalent of the human c-erbB-2 oncogene, the "neu" 

25 oncogene, when used to immunize mice, conveyed protection 
to a subsequent challenge with neu expressing tumor cells. 
It is noted therein that the ectodomain (external domain) 
of the rat neu protein is a highly immunogenic determinant 
in tumor-bearing mice (strain NFS) . 

30 

Aaronson et al., NTIS (National Technical Information 
Service) application entitled "A Human Gene Related to but 
Distinct from EGF Receptor Gene." (USSN 6-836,414; filed 
March-57-t986)— describes- the-cloning—isolation-and 

35 partial characterization of a v-erbB related human gene 

that is a member f th tyrosine kinase encoding family of 



5 



10 
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genes and is amplified in a human mammary carcinoma. Said 
gene has been determined to be c-erbB-2 . That application 
describes jas objects thereof to provide the following: 
antibodies directed against the protein product encoded by 
5 said gene and a diagnostic kit containing said antibodies 
for the detection of carcinomas; products encoded by the 
gene; cpKA. clones being able to express the protein in a 
heterologous vector system; transformed cells or organisms 
capable o^ expressing the gene; and nucleic acid probes 

10 and/ or antibody reagent kits capable of detecting said 
gene or protein product. Said application further 
suggests the therapeutic use of antibodies specific for 
the gene product which have been conjugated to a toxin, 
and suggests that if a ligand exists for the v-erbB 

15 related gene that it also could be used as a targeting 
agent. ..^ 

Cllne et al., U.S. Patent No. 4,699,877 (filed Nov. 
20, 1984), describes methods and compositions for 
20 detecting the presence of tumors, wherein a physiological 
sample is £isseiyed for the expression product of an 
oncogene. ^ 

Dl Flore et al., science . 132:178 (1987), notes that 
25 a wide variety of humem tumors contain an amplified or 
overexpressed erbB-2 gene. To establish that a 
llgand-receptor interaction was not required for 
transformation by the erbB-2 protein, Di Flore et al. 
engineered constructs such that sequences encoding the 
30 NH2-termizial 621 amino acids (from the external domain) 
were deleted. Their findings suggested that the 
NH2 -terminal tmincation, "if anything, increased the 
transforming activity of the erbB -2 protein" (at p. 180). 

35 Aboud-Pirak et al., I. -Natl Cancer Inst .. S0(2fiL):1605 

'•.<' • 

(1988), r ports that monoclonal antibodies against the 
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extracellular domain of the EGF receptor reduced in vitro 
clone formation of human oral epidermoid carcinoma cells/ 
When the anti-EGF receptor antibodies were added together 
with cisplatin, the antitumor effect of these agents was 
5 shown to be synergistic in vivo . 

Berger et al.. Cancer Res ., 48:1238 (1988), reported 
that thirteen of 51 DNA samples (25%) from primary human 
breast tumors contained multiple copies of the c-erbB-2 

10 gene, and observed that there was a statistically 
significant correlation between c-erbB-2 protein 
expression and parameters used in breast cancer prognosis 
(nodal status and nuclear grading). Berger et al. noted 
that recent studies have shown that c-erbB-2 is amplified 

15 in up to 33% of the primary breast tumors examined [King 
et al., sHEEa; Slamon et al., supra r van de Vijver et al., 
SBEEa; and Venter et al.. Lancet 2:69 (1987)] and in up to 
25% of hximan breast cancer cell lines [Kraus et al., 
supr^] . 

20 

Slamon et al., supra (1987), demonstrated that 
amplification of the c-erbB-2 gene was correlated with the 
presence of tumor in the axillary lymph nodes, with 
estrogen receptor status, and the size of the primary 

25 tumor in breast cancer patients. In that study, c-erbB-2 
was found to be amplified from 2- to greater than 20-fold 
In 30% of the 189 primary human breast cancers 
investigated. Slamon et al. concluded that amplification 
of the c-erbB-2 gene was a significant predictor of both 

30 overall survival and time to relapse in patients with 

breast cancer. Patients with multiple copies of the gene 
in DNA from their tumors had a poorer disease outcome with 
shorter time t relaps as well as a shorter overall 
survival. 
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Slamon et al. , Cancer Cells 7 /Molecular Diagnostics 
fi£ Hiuaan Cancer, p. 371 (Cold Spring Harbor Lab. 1989) , 
reported that seguence analysis of several cDNA clones 
from htman breast cancer tximors indicates that, unlike the 
5 rat neH gene, mutations in the transmembrane domain may 

not be an absolute reguirement for alteration of the gene 
product. Instead, the data are consistent with an 
alteration involving overexpression of a normal product. 

10 Drebtn et al., Cell > 11:695 (1985), reported that a 

monoclonal antibody against neu gpl85 causes 
Bgu-transfprmed NIH 3T3 cells to revert to a 
nontransformed phenotype, as evidenced by loss of 
capacity for anchorage- independent growth. Drebin et al, 

15 Oncooene . 2; 387 (1988), demonstrated that monoclonal 

antibodies reactive with the cell surface external domains 
of gpllBS ban directly inhibit tumor growth in vjtyQ and 
in vivo . 

20 Masuko iBt al., Japn . 1. Cancer BSS. , MslO (1989), 

describes a murine IgM monoclonal generated against human 
c-erbB-2 gene-transfected NIH 3T3 cells, that was reactive 
with a portion of epithelial tumor cell lines including 
stomach cancer, colon cancer and liver cancer cell lines, 

25 but not with any non-epithelial cell lines. 

Yarden and Weinberg, PNASfUSAV . M:3179. (1989) , using 
the neu ondoaene is a model system, developed several 
experimental approaches for the detection of hypothetical 
30 ligands for oncogenes encoding transmembrane tyrosine 

kinases that have structures reminiscent of growth factor 
receptoirs; Suggested therein is a candidate ligand of the 
neu-ericod d oncoprotein secreted by fibroblasts upon 

~~ transformation 

35 
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The following papers provide a general description of 
oncogenes, the use of monoclonal antibodies as therapeutic 
drugs and information about the c-erbB-r2 oncogene: Der, 
Clin. Chem, 33(5) :641 (1987); Bishop, Science . 235:305 
5 (1987); Henrik and Westermark, Cell . 32:9 (1984); 

Duesberg, Science . 228:669 (1985); Shively, clin . 
Jmrnunoassay, 7(1):112 (1984); van de Vijver, Oncogenes 
2:175 (1988); and Hunter, ggi. M, 251:70 (1984). 

10 Summary of the Invention 

Methods and compositions are provided for identifying 
malignant tumors that overexpress c-erbB-2. The invention 
claimed herein is based on the detection of the external 
domain glycoprotein (gp75) or parts thereof encoded by the 
c-erbB-2 gene in the biological fluids of mammals carrying 
a tumor burden. The invention provides for specific 
diagnostic assays to detect and quantitate gp75 in the 
biological fluids of mammals, and thereby detect tumors, 
quantitate their growth, and provide valuable information 
for the diagnosis and prognosis of neoplastic disease. An 
elevated level of gp75 in a host's body fluid, that is, 
above the normal backgroimd binding level, is indicative 
of overexpression of c-erbB-2. (An exemplary backgroimd 
binding level is shown in Figure 10 as 1.68% for a series 
of normal human sera.) 

The survival of a patient with neoplastic disease, 
such as breast or ovarian adenocarcinoma among other 
cancers associated with c-erbB-2 amplification, can be 
determined by testing a biological fluid from the patient 
for the presence of gp75 or parts thereof. 

Further, this i nvention pr vides fQr__ass^ys-to-deteGfe^ 

and quantitate antibodies to gp75 proteins/polypeptides in 
the body fluids of patients. Such assay results 



15 



20 



25 
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esp cially in correlation with the results of assays of 
this invention that determine the level of gp75 
proteins/polypisptides in a patient's body fluids provide 
important information for diagnosing and monitoring the 
5 patient's condition deciding upon a course of treatment 
and in making a, prognosis. 

Still further, this invention provides for assays to 
detect and qusuititate the level of the putative ligand to 

10 gp75 in a patient's body fluid. Similarly such 

information esi)ecially in correlation with the results of 
assays, herein provided, that detect and quant itate the 
level of gp75 proteins/polypeptides and antibodies thereto 
in a patient's body fluids, is of diagnostic and 

15 prognostic significance and useful in monitoring the 
patient's condition and in determining a course of 
treatment. 

As indicated in the Background above, c-erbB-2 
20 amplification has been found to correlate with both a 
decreased ch^ce of long term survival as well as a 
shortened tiMi to relapse of the disease • The assays of 
this invention are useful both pre- and post-operatively. 
Patients displaying such c-erbB-2 amplification, even at 
25 relatively early stages of the disease, may be treated 
more rigorously in order to Increase their chances for 
survial. Further, the presence of gp75 in a patient's 
biological fXuld after an operation to remove a tumor may 
indicate metastases requiring immediate intervention, 
30 e.g., systemic chemotherapy or radiation therapy. 

The present invention fills the need referred to 
abov f r non- invasiv diagnostic and prognostic assays 
— -for th -detection- f— tumors-overexpressing-G-erbB-2 * 
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Further, this invention is directed to nov 1 proteins 
and polypeptides encoded by the external domain DNA 
sequence of the c- erbB-2 oncogene (hereinafter, the gp75 
gene) or fragments thereof and to the biochemical 
engineering of the gp75 gene or fragments thereof into 
suitable expression vectors; transformation of host 
organisms with such expression vectors; and production of 
gp75 proteins and polypeptides by recombinant, synthetic 
or other biological means. Such recombinant gp75 proteins 
and polypeptides can be glycosylated or nonglycosylated, 
preferably glycosylated, and can be purified to 
substantial purity according to methods described herein. 
The invention further concerns such gp75 polypeptides and 
proteins which are synthetically or biologically prepared. 

One use of such gp75 proteins and polypeptides is as 
vaccines. Further, vaccines which effectively provide gp75 
epitopes to the immune system can comprise enriched cell 
membranes that overexpress gp75 or gplBS. Such membranes 
can be derived from recombinant hosts transformed to 
overexpress c-erbB-2, preferably those overexpress ing 
c-erbB-2 in a form having a truncated internal domain, or 
from hiunan cancer cell lines. Further useful as vaccines 
are the anti-idiotype antibodies provided by this 
invention. 

Another use of such gp75 proteins and polypeptides is 
as therapeutic agents to dampen tumor igenic activity 
either alone or in combination with chemotherapeutic 
agents. 

A still further use of such gp75 proteins and 
polypeptid s is to detect th putativ ligand to c-erbB-2 

_in _affinity_binding_studies . Should^the-ligand be-so 

d tected in biological fluids of mammals, it may then be 
purified by the use of th gp75 pr teins and polypeptides 
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of this invention; for example, the gp75 proteins and 
polypetides may be used in a process to purify the ligand 
produced by genetic engineering. 

5 Further this invention concerns recombinant DNA 

molecules comprising a DNA sequence that encodes not only 
a gp75 protein or polypeptide but also an amino acid 
sequence of a protein/ polypeptide which is not immunogenic 
to humans smd which is not typically reactive to 
10 antibodies in human body fluids. An example of such a DNA 
sequence is the alpha-peptide coding region of 
beta-galactosidase. Further, claimed herein are such 
recombinant fused protein/polypeptides which are 
substantially piire and non naturally occurring. 

15 

Further, this invention concerns purified and 
isolated DNA molecules comprising the gp75 gene or 
fragments thereof. 

20 A f urtiier a;?pect of this invention relates to the 

diagnostic and therapeutic use of antibodies to such gp75 
proteins and pplypeptides. A still further aspect of this 
inventic^ are anti-- idiotype antibodies to such antibodies 
to gp75 proteins and polypeptides. 

25 

A still further aspect of this invention relates to 
diagnostic assays for gp75 employing the recombinant ly, 
synthetically or ot|ierwise biologically produced gp75 
proteins and piolypeptides of this invention and/ or 
3 0 antibodies thereto . 

The invention also provides for test kits that embody 
th assays of .this invention in which test kits comprise 
antibodies-gp75-proteins/polypeptides-and 



35 the intact esctemal, d main f c- rbB-2 ("intact" herein 
indicat s theit the gp75 is expr ssed on the surface of 
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c lis) . These assays can be solid phase assays but are 
not limited thereto, but can also be in a liquid phase 
format and can be based on ELISAs, particle assays, 
radiometric or fluorometric assays either unamplified or 
5 amplified, using, for example, avidin/biotin technology. 

The invention further provides for anti-idiotypes to 
monoclonal antibodies recognzing gp75 
proteins/polypeptides which can substitute for gp75 
10 proteins/polypeptides in the diagnostic assays of this 
invention. 

Figure 1 is an immunoaf f inity chromatogram of 
recombinant c-erbB-2 extracellular domain protein (gp75) 

15 expressed from CHO cells. Concentrated CHO supernatant was 
loaded on the 0.5 X 5.0 cm immunoaf f inity coltunn at a flow 
rate of 0.2 Mi/inin. The column was then washed with PBS 
at 0.5 fil/i&in until the absorbance at 280 nm (A280 nm) of 
the column effluent reached baseline. Specifically bound 

20 material was eluted with a step gradient^ indicated by the 
arrowy of 100 mM glycine-HCl, pH=2.5, at a flow rate of 
0.2 Ml/min. 

Figure 2A is a SDS-PAGE of immunoaff inity column 
25 fractions of recombinantly produced c-erbB-2 gp75, as 

described above for Figure 1. Samples of each fraction 
were prepared in Laemmli sample buffer and run on a 10% 
polyacrylamide gel. The gel was stained with Coomassie 
blue R-250. 

30 

Figure 2B is a Western blot. A gel identical to that 
run in Figure 2 A was run, and the separated proteins were 

lectrophoretically transferred to a 0.22 /tim 
nitrocellulose membrane. The membrane was probed using 
35 rabbit polyclonal antibody raised against an coli 

expr ssed rec mblnant f ragm nt f gpl85 (antib dy 92A) . 
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Specifically bound antibody was visualized using goat 
anti-rabbit horseradish peroxidase conjugate and Indophane 
substrate (Via-medics, Worcester, MA). The lanes were 
loaded as follows: Lane 1: concentrated CHO supernatant; 
Lane 2: prestained molecular weight standards (Bethesda 
Research Laboratories, Gaithersburg, MD) ; and Lanes 3-7: 
immunoaffinity colunm fractions 1-5 (as indicated in 
Figure 2A) . 

Figure 3 shows a partial restriction map of the 
cloning vector, pFRSV. This vector contains a 
transcription \uiit driven by an SV40 early region promoter 
and origin, as well as the SV40 large T antigen 
intervening sequence (5» mRNA splicing) and early region 
polyadehylation site. A second transcription cassette 
contains a mutant DHFR gene, the dominant selectable 
marker encoding resistance to methotrexate (MTX) . The 2.2 
kb c-erbB-28ec fragment was subcloned into the unique 
Ecota site located downstream from the first SV40 
ori/prom6t€a: to generate pFRSV-c-erbB-2sec. 

Figure 4 is a SDS-PAGE wherein the lanes were loaded 
as follows: Lanes 1 and 9: Std; Lanes 2-6: A soluble 
fragment of c-erbB-2 expressed by NIH3T3 c-erbB-2 
25 transf ectantff competes with gp75 for binding to 

anti-c-erbB-2 TAb 252? Lanes 2-6: Increasing amoiint of 
cell lysate from NIH3T3-c-erbB-2 were incubated for 7 h 
with 10 Mg anti^-erbB-2 TAb 252, followed by 10 h 
incubation of 400 fil of in vitro labeled supernatant 
30 collected from gp75-expressing CHO cells; Lane 7: Lysate 
from |n vitro labeled gp75 CHO clone immunopreoipitated 
with isotype matched non-specific control, mouse myeloma 
mAb, (IgGl);:: Lan 8:" Lysate fr ra CHO-gp75 
ininihopr6cipItated^tth-TAb-252^ — 



10 



15 



20 



35 
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Figxire 5 shows the radioiitmiunoprecipitation of gp75 
from tissue culture supernatants. Lanes 1 and 12: 
Molecular weight markers; Lanes 3-6: Supernatant from 
SKBR3 cells concentrated 12X and precipitated with 9.2 
5 rabbit polyclonal - Lane 3; Lane 4: A-29 murine 

anti-c-erbB-2 hybridoma parent; Lsme 5: TAb 252 murine 
anti-c-erbB-2 monoclonal; Lane 6: Amersham murine 
anti-EGF receptor monoclonal; Lanes 7-10: Supernatant 
from 3T3 cells transformed with the c-erbB-2 oncogene 
10 concentrated 6X; medium was not concentrated enough to 
visualize a precipitable signal. 

Figure 6 shows the radioimmunoprecipitation of 
supernatants from c-erbB-2 positive and negative cell 

15 lines. Lanes 1 and 12: Molecular weight markers; Lanes 
2 and 4: Supernatant from MDA435 concentrated 12X and 
precipitated with TAb 252; Lanes 3 and 5: The same 
supernate precipitated with Amersham anti-EGF receptor 
antibody; Lanes 6 and 7: 12X concentrated supernatant 

20 from HDA468 cultures precipitated with TAb252 and anti-EGF 
receptor antibody, respectively; Lanes 8 and 9: 
unrelated; Lanes 10 and li: Control supernatant from 
transf ected 3T3 cells concentrated 12X and precipitated 
with TAb252 and anti-EGF receptor antibody* 

25 

Figure 7 shows standard curves of partially purified 
gpl85 and gp75 proteins in the sandwich IRHA assay using 
TAb 259 as a capture antibody and TAb 256 as the 
radiolabeled secondary antibody. The assay is able to 

30 detect both the whole c-erbB-2 protein partially purified 
from transfected NIH3T3 cells as well as the external 
domain protein purified from the supernatant of 
transf cted CHO cells. The assay is appr ximately lOOx 

Slo?^sensitive_jwh^^^ 

35 a standard. 
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Figure 8 shows the detection of a shed antigen in 
nude mouse sera bearing tumors induced by c-erbB-2 
trsmsfected NIH3T3 cells when tested in the TAb 259/256 
sandwich IRHA assay. The sera are all tested at a 1:5 
5 dilution (vol/vol) emd background binding of a pretumor 
pool of sera in this assay is 1.7%. The standard curve 
using the gp75 protein for this assay is comparable to 
that shown in Figure 7. Signals are detectable in mice 
with tumor sizes ranging from 500-1000 mm3 and continue to 
10 increase until tumbrs reach 3000-10,000 mm^. 

Figure 9 shows analysis of nude mouse sera from mice 
bearing tumors induced by NIH3T3 cells transf ected with 
the c-erbB-2 gene and treated with either TAb 252 or PBS 

15 or IgGl and tested in the TAb 259/256 sandwich IRHA. The 
sera are from various bleed dates throughout the coiurse of 
a one month escperiment and are tested at a 1:5 dilution. 
The mice, at the time their sera are tested, have received 
2-8 treatments (100-500 /i9/treatment) of either TAb 252, a 

20 HAb reactive with the external domain of c-erbB-2, IgGl or 
PBS. Six pretumor sera are tested in the assay and the 
mean binding det:ermined. The backgroxind cut-off in the 
assay is determined as the mean of the pre-tumor sera + 2 
standard deviations above this meam or 2.2%. PBS-treated 

25 mice shed antigen which is significantly over background 
at tumor volumes of 1001-3000 mm (n-7) while TAb 
252-treated mice shed little detectable antigen at the 
same tumor volume (h«=5) • At larger tumor volumes the 
ability to detect shed antigen in sera from TAb-treated 

30 mice is still suppressed (n=9) as compsured to sera from 
PBS-treated mice (n=»8) . 

Figur 10 shows test results for twelve human sera 

f r om-Jioriaal-volunteer s— in-t he-^CAb-2 59 / 2 5 6-sandwich IRMA 

35 assay at a 1:5 dilution (v 1/vol) . Using these sera, a 
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background binding level of 1,68% is d termined (mean + 
two standard deviations) . 

Figure 11 shows test results for serial bleeds from 
5 twenty patients with breast cancer in the TAb 259/256 IRMA 
assay at a 1:5 dilution. The serial samples were taken 
throughout the course of the disease and therapy. For 
patients 1-4, sample [a] was taken at first diagnosis, one 
day before surgical removal of the tumor. Sample [a] for 

10 patients 5-10 was taken several days after surgical 

removal of the tumor and sample [a] for patients 11-20 was 
taken at first or subsequent recurrence events. The 
remaining samples [b-f j (4 or 5 for each patient) were 
taken at various intervals throughout the coturse of 

15 therapy and do not correspond with a particular state of 
disease or response to therapy. Background cut-off for 
this assay was 1.68%. 

Figure 12 shows the titration curve of three human 
20 sera from patients with breast cancer in the TAb 259/256 
IRHA assay as compared to the gp75 standard and a normal 
human serum. The sera are all tested at a 1:5 dilution 
and background cut-off in the assay is 1.6%. For patient 
I9a, the serum sample was drawn when patient 19 presented 
25 with metastases approximately 1-1/2 years after the 

primary tumor was removed. Patient 19 died 1-1/2 years 
after this sample was taken. The 7e serum sample was 
drawn from patient 7 upon first failure with liver and 
bone marrow metastases seven months after the primary 
30 tumor was diagnosed. Patient 7 died six days after this 

last sample was drawn. The patient 4f sample was drawn at 
the time of first failure with liver and node metas-.ases 
two years after the primary tumor was diagnosed. Patient 
4-di d-six months af ter— this— [f ] sample-wats-drawn . 



35 
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Figure 13 shows competition assay results wherein the 
ability of various cell lysates to compete the binding of 
TAb 251 to a lysate from NIH3T3 cells transfected with the 
c-erbB-2 gene is tested. The SK0V3, BT474 and NIHSTS^ 
5 lines all overexpress the gpl85 protein and lysates from. 

these lines compete with increasing protein concentration. 
A control HIH3^T3 lysate fails to compete. 

Figure 14 shows results for a competition assay in 
10 which a supernatant from a CHD cell line transfected with 
the gp7 5 portion of the c-erbB-2 gene competes the binding 
of TAb 251 to a lysate from NIHSTS^ cells. Supernatant 
from xmtransfected CHO cells fails to compete. 

15 Figrarp 15 shows, test results indicating that nude 

mouse sera from animals bearing tumors induced by NIH3T3 
cells transfected with c-erbB-2 are able to compete the 
binding of TAb 251 to a lysate from HIH3T3^ cells. Mice 
2-4 with tumor sizes greater than 1100 mm^ are able to 

20 compete whereas mousfe 1 serum and a pretumor pool of sera 
do not compete in the assay. 

Figure 16 shows the complete nucleotide and amino 
acid sequences^pf the c-erbB--2 gene. (Coussens et al. 
25 supra . ) The gp7 5 external domain comprises the region 

from about aioino acid number 22 (serine; ser-22) to about 
amino acid number 653 (serine; ser-653) (said amino acids 
are marked by black circles above them) . 

30 The concept iinderlying tlie many facets of this 

invention is the discovery that c-erbB-2 overexpressing 
cells shed the c-erljB-2 external domain (gp75) into the 
body fluids of the hpst mammal. Examples 1, 4, 5 and 6 
outlihe the evidence tKa^t~led~to~^this~f indingT ~A~"soluble 

35 c-erbB-2 derivativ (gp75) was f und in the sup rnatants 
of stably transform d gp75 xpressing cells; the protein 
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was found to have a molecular weight of approximately 75K 
and to compete with a protein present in NIH3T3^ (c-erbB-2 
expressing cells) cell lysate, (Example 1.) Examples 4, 
5 and 7 respectively detail the detection of shed antigen, 
5 with affinity binding characteristics of the c-erbB-2 

external domain, in the sera of nude mice bearing tumors 
induced by c-erbB-2 transfected NIH3T3 cells (NIH3T3^) , in 
human tumor culture supernates, and in human sera from 
breast cancer patients. This discovery opened the way for 
10 the development of novel methods and compositions for the 
diagnosis and treatment of neoplastic disease in humans 
and other mammals. 

Assays 

15 

There are assays herein provided to detect and 
quantitate three different entities in the body fluids of 
mammals, preferably hxunans, wherein those entities are as 
follows: gp75 proteins/polypeptides; antibodies to gp75 

20 proteins/polypeptides; and the putative ligand to 
c*-erbB*2. Each of the assays provide important 
information concerning the disease status of the patient, 
and are individually useful for screening mammals for 
neoplastic disease, diagnosing neoplastic disease, 

25 monitoring the progress of the disease, and for 

prognosticating the course of the disease and deciding 
upon appropriate treatment protocols. However, . 
correlation of the results from one or more of these 
assays, preferably the test results for all three, provide 

30 the best profile on the disease condition of a patient. 

For example, a patient may present with a large 
turn r, but the patient's gp75 level may be relatively 1 w. 

^The-lowness-of— the-reading_may_ be_due_to_the_patientls 

35 generation of antib dies to gp75 proteins/polypeptides and 
n t t the smallness of the tumor. 
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Another example of how correlating the data provides 
a broader view of the patient's condition concerns the 
relationship <if the putative ligand to gp75. A patient 
5 may present with a high level of circulating gp75 

proteins/polypeptides but not have neoplastic disease if 
the patient is not producing the putative ligand; if 
there is no ligand, the c-erbB-2 cell surface receptor 
cannot be stimulated thereby to begin unregulated growth. 
10 Thus, the ratidr of ligand to gp75 is significant under the 
model of a ligand/ receptor complex being the mechanism by 
which the proto-oncogene is activated to an oncogene. 

figsa y for croT 5 Proteins /Polypeptides 
15 in Mammal ian Body Fluids 

Non-invasive diagnostic assays are provided to detect 
gp75 proteins/polypeptides in the body fluids of mammals, 
preferably himans, and quant itate the level of such gp75 

20 proteins/polypi^tides therein. The term gp75 

proteins/polypeptides is used in this context as the 
target antigen in the body fluids, because the shed gp75 
protein can be broken down in a patient's body fluids into 
various fragrifents, that constitute proteins (having 

25 greater than'50 amino acids) and polypeptides (less than 
50 amino acids) \ * 

Such assltys provide valuable means of monitoring the 
status of neoplastic diseases. In addition to improving 

30 prognostication, knowledge of the disease status allows 
the attending physiciem to select the most appropriate 
therapy for the individual patient. Tor example, patients 
with a high iik lihood of relapse can be treat d 
rigorously, usuallyninvolving systemic^chemotherapy and/or 

35 radiation therapy. Wh n ther is a lesser likelihood of 
relapse, less aggr ssive th rapies can be chosen. B caus 
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of the severe patient distress caused by the more 
aggressive therapy regimens, it would be desirable to 
distinguish with a high degree of certainty those patients 
requiring such aggressive therapies. 

5 

The present invention is useful for screening a wide 
variety of neoplastic diseases, including both solid 
tumors and hemopoietic cancers. Exemplary neoplastic 
diseases include carcinomas, such as adenocarcinomas and 

10 melanomas; mesodermal tumors, such as neuroblastomas and 
retinoblastomas; sarcomas, such asosteosarcomas, Swing's 
sarcoma, and various levikemias; and lymphomas. Of 
particular interest are tumors of the breast, ovaries, 
gastrointestinal tract, including the colon and stomach in 

15 particular, liver, thyroid glands, prostate gland, brain, 
pancreas, urinary tract (including bladder), and salivairy 
glands. Of still further particular interest are tumors 
of the prostate gland, ovaries and breast. Still more 
specifically, adenocarcinomas of the breast and ovaries 

20 have been widely studied and confirmed to overexpress 
c-erbB-2 . 

The body fluids that are of particular interest in 
assaying for gp75 according to the methods of this 
25 invention include serum, semen, breast exudate, saliva, 

urine, cytosols, plasma and cerebrospinal fluid. * Serum is 
a preferred body fluid for screening according to the 
methods of this invention. 

30 From a knowledge of the structure of the external 

domain of the c-erbB-2 oncogene (gp75) , a number of 
monoclonal or polyclonal antibodies can be generated that 
specifically recognize this protein. Because gp75 is 

uniquely-and-specifically— liberated -from- thesur face 

35 tumors associat d with c-erbB-2 amplification and can 

exist freely in the bi logical fluids of mammals, it is 
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possible to det ct and quantitate the levels of the 
protein. Utilizing current antibody detection techniques 
that can quantitate the binding of monoclonal antibodies 
made specifically to the external domain of the c-erbB-2 
5 oncogene, one can determine the amount of external domain 
in the fluids of cancer patients. Such an assay can be 
used to detect tumors, quantitate their growth, and help 
in the diagnosis anff prognosis of the human disease. The 
assays involve the use of monoclonal or polyclonal 
10 antibodies which can be appropriately labeled to detect 
and quantitate gp7 5 in body fluids of mammals. 

The subieot of the invention provides methods and 
compoBitions for evaluating the probability of the 
15 presence of malignant cells in a group of normal cells in 
the host jor dells freshly removed from the host. A 
preferred method involves, as a first step, obtaining a 
purified amoi:uh1; of the external domain of the c-erbB-2 
oncogene and using it as an inmunogen to generate 
20 monoclonal antibodies in mice or other suitable hosts. 

The morioclohal antibodies should specifically react with 
epitopes on qp75. Alternatively, whole intact cells 
expressing c-erbB-2 on their membrane surface could be 
used as 4^ source of antigen. It is possible that numerous 
25 monoclonal antibodies could be generated to recognize 
different epitopes cm the external domain, and these 
monoclonal .antibodies can be used either singularly or in 
combination as a cwcktail to increase the specificity and 
sensitivity of an assay. Besides using the whole external 
30 domain as an.4aimunogOT, fragments of this protein, or 

protein generated by recombinant DMA means, can be also 
used to gexmrake ^eaific monoclonal antibodies. Also, 
polypeptides corresp nding to various sequences within the 
external domain sequence c urd^lso be- used as^ a source-of 
35 immunogens. in all cases, the antib di s generated would 
hav a specificity :fiucdi that they have very limited 



wo 91/02062 



PCr/US90/04340 



-25- 

cross-reactivity with other proteins present on the 
surface of both tumors and non- tumor cells. They would 
not, for example, react with the EGF receptor which is 
present on the surface of many normal cells. The 
5 diagnostic assay itself would typically involve obtaining 
a small amount of body fluid, preferably serum, from the 
hximan host. The presence of the c-erbB-2 external domain 
in the serum can then be quant it ated using a number of 
well-defined antibody diagnostic assays. These can be 

10 Western blots, ELISAs (enzyme-lined immunosorbent assays), 
RIA assays (radioimmunoassay) , or dual antibody sandwich 
assays, all commonly used in the diagnostic industry. In 
all cases, the interpretation of the results is based on 
the assumption that the antibody or antibody combination 

15 will not cross-react with other protein and protein 
fragments present in the serum that are unrelated to 
c-erbB-2. These methods are based on the fact that the 
presence of the c-erbB-2 external domain bears a strong 
correlation with the presence of a tumor as outlined above 

20 in the Backcrround. The assays can be used to detect the 
presence of a tumor, detect continued growth of a tumor, 
and detect the presence of cancer metastasis, as well as 
confirm the absence or removal of all tumor tissue 
following surgery, cancer chemotherapy or radiation 

25 therapy. It can further be used to monitor cancer 
chemotherapy and tumor reappearance. 

Example 3 details the format of a preferred 
diagnostic method of this invention - a double sandwich 
30 immunoradiometric assay (IRKA) . Hany other formats for 
detection of gp75 in body fluids are of course available, 
including, for example, enzyme linked immunosorbent assays 
(ELISA) • Representative of one type f ELISA test is a 

— — f ormat-wh r in-a_microtiter_plate_is^_oat^jdj^^ 

35 antibodies to gp75 proteins/polypeptid s or antibodies to 
wh le cells expressing, preferably overexpressing c-erbB-2 
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(that is, to intact gp75) and to this is added a sample of 
patient's serum. After a period of incubation permitting 
any antigen to bind to the antibodies, the plate is washed 
and another set of anti-gp75 antibodies which are linked 
5 to an enzyme is added, incubated to allow reaction to take 
place, and the plate is then rewashed. Thereafter, enzyme 
substrate is added to the microtitre plate and incubated 
for a period of time to allow the enzyme to work on the 
substrate, and the adsorbance of the final preparation is 
10 measured. A large change in absorbance indicates a 
positive result. 

It is also appeflrent to one skilled in the art of 
diagnostic assays that antibodies to gp75 proteins and/ or 

15 polypeptides can be used to xletect and quantitate the 

presence of gp75 in the body fluids of patients. In one 
such embodiment, a competition immunoassay is used, 
wherein the gp7 5 protein/ polypeptide is labeled and a body 
fluid is added ttt compete the binding of the labeled gp75 

20 to antiiwdies ^ecific to gp75 protein/polypeptide. Such 
an assay could be uM to detect gp75 protein/polypeptide. 

In another embodiment, an immunometric assay may be 
used wherein a labeled antibody to a gp75 protein or 

25 polypeptidck is used, in such an assay, the amount of 

labeled antibody which complexes with the antigen-bound 
antibody is directly proportional to the amovmt of gp75 in 
the body fluid. Monoclonal antibodies for use in the 
assays pf this invention may be obtained by methods well 

30 known in the art, particularly the process of Kohler and 
Milstein reported in Hature, 25^:495-497 (1975). 

Such diagnostic methods can be embodied in test kits 



to assay for gp7S in mammalian, preferablyTiuman, b~dy^ 
35 fluids wher in such test kits can c mpris antib dies, 
polyclonals and/or m noclonals, to gp75 proteins and/ or 
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polypeptides, and/or antibodies to whole cells expressing 
c-erbB-2 (that is, to intact gp75) . Such diagnostic test 
kits can further comprise another set of antibodies, 
polyclonal and/ or monoclonal, for a sandwich format 
5 wherein said second set of antibodies are appropriately 
labeled. 

Once antibodies having suitable specificity have been 
prepared, a wide variety of immunological assay methods 

10 are available for determining the formation of specific 
antibody-antigen complexes. Numerous competitive and 
non-competitive protein binding assays have been described 
in the scientific and patent literature, and a large 
number of such assays are commercially available. 

15 Exemplary immunoassays which are suitable for detecting 
the serum antgen include those described in U.S. Pat. 
Ho.s. 3,791,932; 3,817,837; 3,839,153; 3,850,752; 
3,850,578; 3,853,987; 3,867,517; 3,879^262; 3,901,654; 
3,935,074; 3,984,533; 3,996,345; 4,034,074; and 4,098,876. 

20 

Antibodies employed in assays may be labeled or 
unlabeled. Unlabeled antibodies may be employed in 
agglutination; labeled antibodies may be employed in a 
wide variety of assays^ employing a wide variety of 
.25 labels. 

In some techniques, it will be useful to label the 
antigen or fragment thereof, rather than the antibody and 
have a competition between labeled antigen and antigen in 
30 the sample for antibody. In this situation, it is common 
to provide kits which have the combination of the labeled 
antigen or labeled fragment and the antibody in amounts 
which provide for optimum s nsitivity and accuracy. 



35 In other situati ns, it is desirabl to have a solid 

support, wh re either antigen or antibody is bound. A 
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poly pitopic antigen can servic as a bridge between 
antibody bound to a support and labeled antibody in the 
assay medium. Alternatively, one may have a competition 
between labeled^ antigen and any antigen in the sample for 
5 a limited amourit of antibody. 

Suitable detection meams include the use of labels 
such as Radionuclides, enzymes, fluorescers, 
chemiluminescelrs, enzyme substrates or co-factors, enzyme 

10 inhibitors, particles, dyes and the like. Such labeled 
reagents may be used in a variety of well known assays, 
such as radioimmunoassays, enzyme immunoassays, e.g., 
ELISA, fluorescent immunoassays, and the like, gge, for 
example, U.S. Patent Nos. 3,766,162; 3,791,932; 3,817,837; 

15 and 4,233,402. 

ABsava for Aiitibodtes to cip7 5 Proteins /Polypeptides 

As indicated above, the level of antibodies to gp75 
20 proteins/polypeptides in a patient's body fluids is an 
important pzkr«tte6tor in screening for neoplastic disease, 
monitoring, an4 prognosticating the course of the disease 
and on deciding on. a course of treatment. A 
representative?; assay to detect such antibodies is a 
25 competition assay in which labeled gp75 

protein/polypeptidei is precipitated by antibodies in 
patient Beruin in combination with monoclonal emtibodies 
recognizing gp75 protein/polypeptides. One skilled in the 
art could adapt any of the formats outlined and referred 
30 to in the above section to detect anti-gp75 antibodies for 
the quantitation of antibodies to gp75. 

Assays for Putative Liaand to C "erbB-2 

35 Similarly useful for diagn sing and screening for 

neoplastic disease and monitoring and prognosticating the 
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course of the disease and treatment schedul s, is an assay 
to detect and quantitate the level of the putative ligand 
to the c-erbB-2 receptor. Such an assay would be 
especially useful in correlation with one of the above 
5 assays for gp75 proteins/polypeptides and antibodies 

thereto, and more preferably in correlation with both such 
assays • 

A representative format for such an assay for the 
10 c-erbB-2 ligand utilizing gp75 proteins/polypeptides would 
involve attaching purified, preferably substantially pure, 
gp75 proteins/polypeptides to a plastic surface or other 
solid support either by its own binding to such surface or 
via a capture anti-gp75 antibody* Utilizing a competition 
15 assay of labeled ligand with an unknown amount of 

unlabeled ligand, the concentration of the latter for 
binding to the gp75 proteins/polypeptides can be 
guantitated utilizing standard diagnostic instrumentation. 

20 Alternative formats, labeling, and in general other 

modifications which sure within the scope of knowledge of 
those skilled in the art as outlined above for assays for 
gp75 proteins/polypeptides, similarly apply to the assays 
to detect and c(uantitate the putative ligand to c-erbB-2« 

25 

Anti-Idiotvpe Antibodies to Antibodies 
to QP75 Proteins /Polvpeptides 

Further within the scope of this invention are 
30 anti-idiotype antibodies to antibodies to gp75 
proteins/polypeptides. In each instance in the 
above-outlined assays, such anti-idiotype antibodies can 
substitute for gp75 proteins/polypeptides. 
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Stlli further as noted under Vaccines , such 
anti-idiotype antibodies can be used as inonunogenic 
agents. 

5 Anti-idiotype antibodies to anti-gp75 antibodies are. 

prepared essentially as outlined above in the Methods 
section: Preparation of Mopodonal c-erbB-2 Antibodies 
wherein the initial imminization is with the appropriate 
anti-gp75 antibody rather than the NIHSTS^ cells. The 

10 fusion protocol is similarly followed therein. The 

screening process is a primary screen for binding to the 
original anti-gp75 iionoclonal used for immunization, and a 
secondary screen comprising a competition assay, for 
example, a radiometric assay, wherein the appropriate gp75 

15 protein/polypeptide competes with the anti-idiotype 

antibodies produced in the fusion for binding with the 
radiolabeled original anti-gp75 monoclonal. 



20 



30 



Test; yits 



The above outlined assays can bfe embodied in the form 
of test kits. Said test kits can comprise antibodies to 
gp75 proteihs/poljteptides and/or antibodies to the intact 
gp75 (^ittt isi on the surface of cells expressing 
25 c-erbB-2). Said antibodies can be either polyclonal 

and/or monocljpnal. Further said test kits can coinprise 
gp75 pro^ini/polypeptides alone or in combination with 
the aforemfflitioned antibodies. As indicated above, 
anti-idiotype antibodies to anti-gp75 antibodies can be 
substituted for appropriate gp75 proteins /polypeptides in 
such test kit^.i 



Exemplary w uld be a t st kit to assay for the 

putative ligand wherein either-gp7 5-Wotein/ polypeptides 
35 are coated on a surface or captur d thereon or 

anti-idiotype antib dies to anti-gp75 antib dies are so 
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coated n a surface* Alternatively, such an assay can be 
formulated as a competition assay as outlined above. Of 
course, such assays are not limited to solid phase assays, 
but can be in a liquid phase format and can be based on 
5 enzyme-limited immunosorbent assay (ELISAs) particle 
assays, radiometric or fluormetric assays, either 
unaunplified or amplified using, for example avidin/biotin 
technology. 

10 Preparation of Qp75 Proteins and Polypeptides 

The gp75 proteins and polypeptides of this invention, 
can be prepared in a variety of ways. A preferred method 
to prepare gp75 proteins is by recombinant means, A 
15 representative recombinant method of this invention is 
described infra in Example 1. 

The gp75 proteins and polypeptides of this invention 
can further be prepared synthetically or biologically, 

20 that is, by cleaving longer proteins and polypeptides 
enzymatically and/ or chemically. Said synthetic and 
biologic methods are described in detail infra under the 
heading Synthetic and Biologic Production of ap75 Protein 
and Polypeptide Portions Thereof . Such methods are 

25 preferred for preparing gp75 polypeptides* 

Cloning of ap75 Sequ ence or Fragments Thereof 

The plasmid pFRSV-c-erbB-2sec, constructed in 
30 accordance with Exauaple l, is only representational of the 
many possible DNA recombinant molecules that can be 
prepared in accordance with this invention. Depending on 
the restriction endonucleases employed, all r part of the 
c^erbB^2_external„domain„s^eguence_m^ xpressed 
35 and us d in accordance with this invention. 
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Useful restriction enzymes according to this 
invention may include enzymes that cleave DNA in such a 
way that the DNA fragment generated contains portions of 
the gp75 sequence. Appropriate restriction endonucleases 
5 may be selected by those of skill in the art on due 
consideration of the factors set out herein without 
departing from the scope of the invention. 

A represei^ative cloning vehicle used in Example 1 is 
10 PSV7186. However, a wide variety of host-cloning vehicle 
combinations may be usefully employed in cloning the gp75 
DNA. For example, useful cloning vehicles may include 
chromosomal, niwichromosomal and synthetic DNA sequences 
such as variou^ known bacterial plasmids such as pBR322, 
15 other fi. jS2li plasmids and their derivatives and wider 
host range plaamlcis such ^s RP4, phage DNA such as the 
numerous d^iVatives of phage lambda, e.g., NB989 and 
vectors derive<S from combinations of plasmids and phage 
DNAs such as.^i>lasmids which have been modified to employ 
20 phage DNA 65epiji|ssion control sequences. 
■ . ...-^ 

Useful hosts may be eukaryotic or prokaryotic, 
preferably eukaryotic, and include bacterial hosts such as 
1. coli strailife CAG456, JM103, N4830, X1776, X2282, HBlOl 

25 and MRCl and strains of Pseudomonas, Bacillus subtilis and 
other bacilli, yeasts and other fungi, animal or jplant 
hosts such as animal or plant cells in culture, insect 
cells and oth^ hosts. Preferred hosts in accordance with 
this invention are yeast cells, mammalian cells in 

30 culture, prefetably monkey cells and Chinese Hamster Ovary 
(CHO) cells. Preferable monkey cells are from the cell 
line C0S7; preferable CHO cells are from the cell line 
CHO-(dxbll). Of course, not all hosts may be equally 
efficient. Th part^icular selection of host-cloning 

35 vehicl combination may be mad by those of skill in the 
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art after due consideration of the principles set forth 
herein without departing from the scope of this invention. 

Furthermore, within each specific vector, various 
5 sites may be selected for insertion of the isolated 

double- stranded DHA» These sites are usually designated 
by the restriction enzyme or endonuc lease that cuts them. 
For example, in pBR322 the PstI site is located in the 
gene for penicillinase between the nucleotide triplets 
10 that code for amino acids 181 and 182 of the penicillinase 
protein. 

The particular site chosen for insertion of the 
selected DNA fragment into the cloning vehicle to form a 

15 recombinant DNA molecule is determined by a variety of 

factors. These include size and structure of the protein 
or polypeptide to be expressed, susceptibility of the 
desired protein or polypeptide to endoenzymatic 
degradation by the host cell components and contamination 

20 by its proteins, expression characteristics such as the 
location of start and stop codons, and other factors 
recognized by those of skill in the art. None of these 
factors alone absolutely controls the choice of insertion 
site for a particular protein or polypeptide, but rather 

25 the site chosen effects a balance of these factors and not 
all sites laay be equally effective for a given protein. 

It should, of course, be understood that the 
nucleotide sequence or gene fragment inserted at the 

30 selected restriction site of the cloning vehicle may 
include nucleotides which are not part of the actual 
structural gene for the desired protein or may include 
only a fragment of that structural gene. It is only 
re q uired that what ver DNA sequenc is inserted, the 

35 transf rmed host will pr duce a pr tein or polypeptide 
displaying epitopes of gp75. 
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The recombinant DNA molecule containing the hybrid 
gene may be employed to transform a host so as to permit 
that host (transformant) to express the structural gene or 
5 fragment there<i^ and to produce the protein or polypeptide 
for which the hyl#id DNA codes. The recombinant DNA 
molecule may also be employed to transform a host so as to 
permit that host on replication to produce additional 
recombinant pN^i molecules as a sotirce of gp75 DNA and 

10 fragments thereof. The selection of an appropriate host 
for either of these uses is controlled by a number of 
factors recognized by the art. These include, for 
example, compatibility with the chosen vector, toxicity of 
the co-productst, ease of recovery of the desired protein 

15 or polyp^ide, expression characteristics, biosafety and 
costs. HO absolute choice of host may be made for a 
particular reoqfmbinant DNA molecule or protein or 
polypeptide frcsm any of these factors alone. Instead, a 
balance of these f acSfcors nay be struck with the 

20 realization that not all hosts may be equally effective 
for expression of a particular recombinant DNA molecule. 

yix pressiop of eftiTS Proteins /Polypeptides 

25 Where the host ceil is a procaryote such as E. coli, 

competent cellk which are capable of DNA uptake are 
prepared from pells harvested after exponential growth 
phase and subsequently treated by the calcium chloride 
(CaClj) metiiod by well known procedures. Transformation 

30 can also be performed after forming a protoplast of the 
host cell ^ 

Where the host used is an ucaryote, transfection 
method of DNA as calcium pfiosphate-precipitate^ 
35 conv ntional Siechahical pr cedur s such as micfoinjection, 
insertion f a plasraid ncapsulated in red blood cell 
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hosts or in liposomes, treatment of cells with agents such 
as lysophosphatidyl-choline or use of virus vectors, or 
the like may be used. 

5 The level of production of a protein or polypeptide 

is governed by two major factors: the number of copies of 
its gene or DHA sequence encoding for it within the cell 
and the efficiency with which these gene and sequence 
copies are transcribed and translated • Efficiencies of 
10 transcription and translation (which together comprise 
expression) are in turn dependent upon nucleotide 
sequences, normally situated ahead of the desired coding 
sequence. 

.15 These nucleotide sequences or expression control 

sequences define, inter alia, the location at which BNA 
polymerase interacts to initiate transcription (the 
promoter sequence) and at which ribosomes bind and 
interact with the mRNA (the product of transcription) to 

20 initiate translation. Not all such expression control 

sequences function with equal efficiency. It is thus of 
advantage to separate the specific coding sequences for 
the desired protein from their adjacent nucleotide 
sequences and fuse them instead to known expression 

25 control sequences so as to favor higher levels of 
expression. This having been achieved, the newly 
engineered DNA fragment may be inserted into a multicopy 
plasmid or a bacteriophage derivative in order to increase 
the number of gene or sequence copies within the cell and 

30 thereby ftirther improve the yield of expressed protein. 

Several expression control sequences may be employed. 
Thes include the perator, promoter and ribosom binding 

and— interaction-sequences- (J-ncluding-^sequences s uch as the 

35 Shine-Dalgarno sequences) of the lactose operon of coli 
(^th lac system"), the c rresponding s quences of the 
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tryptophan synthetase system of E. coli ("the trp 
system") , a fusion of the trp and lac promoter ("the tac 
system") , the major operator and promoter regions of phage 
1 (Oj^Pj^ and OrPh, ) / and the control region of the phage A 
5 coat protein. DNA. fragments containing these sequences 

are exciteed cleavage with restriction enzymes from the 
DNA isolated from transducing phages that carry the lac or 
trp operons> or from the DNA of phage A or fd. These 
fragments ail-e then manipulated in order to obtain a 
10 limited population of molecules such that the essential 
controlling sequences can be joined very close to, or in 
juxtapositioiv with, the initiation codon of the coding 
sequence. 

15 The fusion product is then inserted into a cloning 

vehicle for transformation of the appropriate hosts and 
the level of antigen production is measured. Cells giving 
the most efficient expression may be thus selected. 
Alternatively, cloning vehicles carrying the lac, trp or A 

20 Pj. control system, attached to an initiation codon may be 
employed and fused to a fragment containing a sequence 
coding for a gp75 protein or polypeptide such that the 
gene or sequence is correctly translated from the 
initiation codon of the cloning vehicle. 



25 



f^Y P^-hAtio andmoloaic P T -ncingtion of cro75 Protein ^nfl 
polypeptjld^ gt^cn ft«»»i-t-« Thereof 

gp75 proteins and polypeptides of this invention may 
30 be formed n^- only by recombinant means but also by 

synthetic and by other biologic means. Exemplary of other 
biologic means to prepare the desired polypeptide or 
pr t in is to subject to selective pr teolysis a long r 
gp75-pol^eptide^^r— protein-containing- the desir d_amin 



35 acid sequence; for xample, the longer polyp ptide or 
protein can b split with chemical r agents or with 
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enzymes. Synthetic formation of the polypeptide or protein 
requires chemically synthesizing the desired chain of 
amino acids by methods well known in the art. 

5 The portion of a longer polypeptide or protein which 

contains the desired amino acids sequence can be excised 
by any of the following procedures: 

(a) Digestion of the protein or longer polypeptide by 
10 proteolytic enzymes, specially those enzymes whose 

substrate specifically results in cleavage of the 
protein or polypeptide at sites immediately adjacent 
to the desired sequence of amino acids. 

15 (b) Cleavage of the protein or polypeptide by chemical 
means. Particular bonds between amino acids can be 
cleaved by reaction with specific reagents. 
Examples include: bonds involving methionine are 
cleaved by cyanogen bromide; asparaginyl glycine 

20 bonds are cleaved by hydroxy lamine; disulfide bonds 

between two cysteine residues are cleaved by 
reduction, e.g., with dithiothreitol. 

(c) A combination of proteolytic and chemical changes. 
25 Of course, as indicated above, it should also be 

possible to clone a small portion of the DNA that 
codes for the synthetic peptide, resulting in the 
production of the peptide by the unicellular host. 

30 The biologically or synthetically produced proteins 

and polypeptides once produced, may be purified by gel 
filtration, ion exchange or high presure liquid 
chromatography, or other suitable means. 



35 Chemical synthesis of polypeptid s is described in 

the following publicati ns: Herrifield et al., J. Am. 
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r ^PTn. soc. 85 ;2149-2156 (1963); Kent et al., Syntnetic 
Peptides in Btolocry ap'^ Medicine . 29 f f . , eds Alitalo et 
al. (Elsevier Science Publishers 1985) ; Haug, ABIi, 40-47 
(Jan/Feb. 1987); Andrews, W^tV>ye. 3 J-9: 429-430 (Jan. 30, 
5 1986); Kent, ftl^TUff'^^^a^ Polymers. 213-242, eds. Goldberg 
et al. (Academic Press 1980); Mitchell et al., Jr Org, 
Cham. . 43 ; 2845:2852 (1978); Tarn et al., T^^r T.e^t;ers, 
4033-4036 (1979); Mojsov et al. , J. Org. Chem. , 45: 
555-560 (1980); Tam et al. Tet Letters. 2851-2854 (1981); 
10 and Kent et ai , pvnBeedinaa of the IV international 
fgYmpoaium on Methods at Protein Seemence Analysis 
(Brookhaveh Press 1981). 

The "Merrifield solid phase procedure" as described 
15 in the above- itentioned piiblications can be used to build 
i:^ the appro|Hriate sequence of L-amino acids from the 
carboxyl terminal amino acid to the amino terminal amino 
acids. Starting with the appropriate carboxyl terminal 
amino acid attached to an appropriate resin via chemical 
20 linkage to a chloromethyl group, benzhydrylamine group, or 
other reactive group of the resin, amino acids are added 
one by one uding the following procedure for each: 



25 



30 



(a) Peptidyi resin is washed with methylene chloride; 



.'J 



the resin is neutralized by mixing for 10 minutes at 
room temperature with 5% (v/v) diisoproplethylamine 
(or other hindered base) in methylene chloride; 

(o) the resin is washed with methylene chloride; 

(d) an amount of amino acid equal to six times the molar 
amount of the growing peptide chain is activated by 
^fflSbining^^^ith one-half as^Bany^nales-of— a 



35 carbodiimide, e.g. dicyclohexylcarbodiimide, 

diisopropylcarbodiimide, for 10 minutes at 0»C, to 
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fona the symmetric anhydride of the amino acid. The 
amino acid used should be provided originally as the 
N-a-butyloxycarbonyl derivative, with side chains 
protected with benzyl esters (aspartic and glutamic 
5 acids), benzyl ethers (serine, threonine, cysteine, 

tyrosine) , benzyl oxycarbonyl groups (lysine) or 
other protecting groups commonly used in peptide 
synthesis; 

10 (e) the activated amino acid is reacted with the peptidyl 

resin for 2 hours at room temperature resulting in 
addition of the new amino acid to the end of the 
growing peptide chain; 

15 (f ) the resin is washed with methylene chloride; 

(g) The N-a-(butyloxycarbonyl) group is removed from the 
most recently added amino acid by reacting with 30% 
(v/v) trif luoracetic acid in methylene chloride for 

20 30 minutes at room temperature; 

(h) the resin is washed with methylene chloride; 

(i) steps a through h are repeated until the required 
25 peptide sequence has been constructed. The peptide 

is then removed from the resin and simultaneously the 
side-chain protecting groups are removed, by reacting 
with anhydrous hydrofluoric acid containing 10% (v/v) 
of anisble. Subsequently, the peptide can be 
30 purified by gel filtration, ion exchange, or high 

pressure liquid chromatography, or other suitable 
means. . 

Chemical synthesis can be carried out without a solid 
35 phase resin, in which cas the synthetic r actions are 



wo 91/02062 



PCr/US90/04340 



-40- 



performed entirely in solution. The reactions, and the 
final product/ are. otherwise essentially identical. 

Techniques o^ chemical peptide synthesis include 
5 using automatic peptide synthesizers, employing 

commercially available protected amino acids; such 
synthesizers include, for example, Biosearch (San Rafael, 
CA) Models 9500 and 9600, Applied Biosystems Inc. (Foster 
City, CA) Model 430, and MilliGen (a division of Millipore 
10 Corp.) Model 9050. Further, one can manually synthesize 
up to about 25 polypeptides at a time by using Dupont's 
Ramp (Rapid Automated Multiple Peptide Syntheis) . 

The synthetic polypeptides according to this 
15 invention preferably comprise one or more epitopes of the 
gp75. It is possible to synthesize such polypeptides by 
attaching the amino acid sequence which defines an epitope 
(which can be from about three to about eleven amino 
acids, more usually /rom about five to about eleven amino 
20 acids) to at least tiiree amino acids flanking either side 
thereof . The three amino acids on either side can be the 
same amino acids as in the natural gp75 sequence or could 
be other amiiio acids. 

25 Rntibodtes to qp75 

Antibodies to the recombinant, synthetic or natxiral 
gp75 proteii^ and polypeptides, of this invention, have 
use not only for diagnostic assays but also for affinity 
30 purification of gp75 proteins/polypeptides and for 

therapeutia use.. As indicated above in the M^SES^D^t 
antibodies to c-erbB-2 have been shown to inhibit tumor 
growth jji vttr and in vivo (Drebin t al., gUEEa (1985)). 
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Vaccines 

It will be readily appreciated that the gp75 proteins 
and polypeptides of this invention can be incorporated 
5 into vaccines capable of inducing protective immunity 
against neoplastic disease and a dampening effect upon 
tumorigenic activity. Polypeptides may be synthesized or 
prepared recombinant ly or otherwise biologically, to 
comprise one or more amino acid sequences corresponding to 

10 one or more epitopes of the gp75 either in monomer ic or 
multimeric form. These polypeptides may then be 
incorporated into vaccines capable of inducing protective 
iiamunity against gp75. Techniques for enhancing the 
antigenicity of such polypeptides include incorporation 

15 into a multimeric structure, binding to a highly 

immunogenic protein carrier, for example, keyhole limpet 
hemocyahin (KLH) , or diphtheria toxoid, and administration 
in combination with adjuvants or any other enhancers of 
immune response. 

20 

It will further be appreciated that anti-idiotype 
antibodies to antibodies to gp75 proteins/polypeptides are 
also useful as vaccines and can be similarly formulated. 

25 An amino acid sequence corresponding to an epitope of 

gp75 either in monomeric or multimeric form may be 
obtained by chemical synthetic means or by purification 
from biological sources including genetically modified 
microorganisms or their culture media. [See Lerner, 

30 . "Synthetic Vaccines", Sci. Am. 248(2) :66-74 (1983).] The 
polypeptide may be combined in an amino acid sequence with 
other polypeptides including fragments of other proteins, 
as for example, when synthesized as a fusion protein, or 
linked to other antigenic or non-antigenic polypeptides of 

35 synthetic or biol gical rigin . 
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The term "corresponding to an epitope of a gp75" will 
be understood to include the practical possibility that, 
in some instances, amino acid sequence variations of 
naturally occurring protein and polypeptide may be 
antigenic and confer protective immunity against 
neoplastic disease and/ or anti-tumorigenic effects. 
Possible sequence variations include, without limitation, 
amino acid substitutions, extensions, deletions, 
truncations. Interpolations and combinations thereof. 
Such variations fall within the contemplated scope of the 
invention provided the protein or polypeptide containing 
them is immunogenic and antibodies elicited by such a 
polypeptide or protein cross-react with naturally 
occurring gp75 proteins and polypeptides to a sufficient 
eactent to j^rbVide protective immunity and/or 
anti-tumorigenic activity when administered as a vaccine. 

Such Amccihe compositions will be combined with a 
physiologically acceptable medium, including 
immunologically acceptable diluents and carriers as well 
as commonly ©aployed adjuvants such as Freund's Complete 
Adjuvant, saponin, alum, and the like. Administration 
would be in famnuhologically effective amounts of the gp75 
proteins or polypeptides, preferably in quantities 
providing unit doses of f rem O.Ol to 10.0 micrograms of 
immunologically active gp75 protein and/ or polypeptide per 
kilogram of the recipient's body weight. Total protective 
doses may range from 0.1 to about 100 micrograms of 
antigen. 

Routes of administration, antigen dose, number and 
frequency of Injections are all matters of optimization 
within th6 scope of ordinary skill in the art. 
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Theraoeutic Use of aoVS Proteins and PolvpeptideR 

The gp75 proteins and polypeptides of this invention 
may further be used therapeutically in the treatment of 
5 neoplastic disease, either alone or incombination with 

chemotherapeutic drugs. The fact that the external domain 
of c-erbB-2 is shed into body fluids as an intact molecule 
lends itself to therapeutic uses. An excess of gp75 
unattached to the cell may compete with and interfere with 

10 the binding of the putative ligand for c-erbB-2 to the 

oncogene's cell surface receptor in a manner analogous to 
that of the CD4 receptor and HIV-l»s gpl20 envelope 
protein as outlined above in the Background [Smith et al., 
sapra, (1987)]. Alternative mechanisms to explain the 

15 therapeutic effects of gp75 proteins and polypeptides may 
be to prevent or disrupt receptor/ receptor interaction 
between c-erbB-2 expressing cells that facilitate 
tumor igenicity . 



Such therapeutic methods comprise the administration 
of C-erbB-2 external domain material, its fragments, or 
peptides derived from part of its sequence, to patients. 
The high circulating levels of gp75 proteins/polypeptides 
could be expected to reduce or eliminate tumor growth as 
described above. The gp75 protein/polypeptides can be 
administered in a therapeuticaly effective amount 
dispersed in a physiologically acceptable, nontoxic liquid 
vehicle. Routes of administration and dosages may be 
similar to those noted under Vaccines above. 

Definitions 

The term ''gp75" is herein defined to mean a 
glycopr tein having an approximate molecular w ight of 75 
kilodaltons (kd) that c nstitutes the external domain of 
the approximately 185 kd glyc protein (gpl85) that is 
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c-erbB-2. The term "gp75" is precisely defined by its 
nucleotide and amino acid sequences shown in Figure 16; 
the gp75 external domain comprises the region from about 
amino acid number 22 (serine; ser-22) to about amino acid 
number 653 (serine; ser-653) (said amino acids are marked 
by black circles above them in Figure 16) with the 
nucleotide seqtience corresponding thereto. The amino acid 
sequence represents the nonglycosylated version of gp75 
which would be expected to have an approximate molecular 
weight of 69 kd (Coussens et al., SMB£a)« Included with 
the scope of the term gp75 are glycoproteins produced 
recombinantly by yeast and higher eukaryotes that have 
varying amounts of glycbsylation which affect the 
molecular weig^it of the protein product; for example, a 
small amount of gp90 was produced in stably transformed 
gp75-expressing CHO cells as indicated in Example 1 below. 

The phrase "intact gp75'« is herein defined to mean 
the gp75 external domain expressed upon the surface of a 
cell. Therefpre, the intact gp75 would still be attached 
to the cell tferough the transmembrane region. 

A "polypeptidef is a chain of amino acids covalently 
bound by peptide linkages and is herein considered to be 
composed of 5« or less amino acids. A "protein" is herein 
defined to be a J)olypep^ide composed of more than 50 amino 
acids* 

The phrase "gp7 5 proteins and polypeptides" is herein 
defined to mean proteins and polypeptides which are 
encoded by the gp75 external domain DNA sequence as shown 
in Figure 16 ; (nucleotides encoding from approximately 
ser-22 to approximately ser-653) or by fragments of said 

gp75-DNA-seqijehoe.— The-phrase_!igp7.5_prol:eins__and 

polypeptides"' is her in int rpret d to include proteins 
and polypeptSd s which have substantially the sam amino 



25 



30 



35 
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acid sequences and substantially the same biological 
activity as the "gp75 proteins and polypeptides". 

It is understood that because of the degeneracy of 
5 the genetic code, that is, that more than one codon will 
code for one amino acid [for excimple the codons 7TA, TTG, 
CTT, CTC, CTA and CTG each code for the amino acid leucine 
(L) ] , that variations of the nucleotide sequence of Figure 
16, wherein one codon is siibstituted for another, would 
10 produce a substantially equivalent protein or polypeptide 
according to this invention. All such variations in the 
nucleotide sequence for gp75 are included within the scope 
of this invention. 

15 It is further understood that the gp75 DNA sequence 

as shown in Figure 16 represents only the precise 
structure of the naturally occurring nucleotide sequence. 
It is expected that slightly modified nucleotide sequences 
will be found or can be modified by techniques known in 

20 the art to code for similarly serologically active, 

immunogenic and/or antigenic proteins and polypeptides, 
and such nucleotide sequences and proteins/polypeptides 
are considered to be equivalents for the purpose of this 
invention. DNA having equivalent codons is considered 

25 within the scope of the invention, as are synthetic DKA 

sequences that encode proteins/polypeptides homologous or 
substantially homologous to the gp7S DNA sequence and as 
are DNA sequences that hybridize to the seqpiences coding 
for gp75 proteins/polypeptides, as well as those sequences 

30 . but for the degeneracy of the genetic code would hybridize 
to said gp75 secpiences. Further, DNA sequences which are 
complementary to the gp75 sequences referred to herein are 
within the scope of this invention. Such modifications 
and variations of DNA sequences as indicated herein are 

35 considered to result in sequences that ar substantially 
the same as the gp75 sequence or portions thereof. 
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Typically, such r lated nucleotid s.equences are 
substantially the same which fall into the definition of 
substantially homologous. 

5 Further, it will be appreciated that the amino acid 

sequence of gp75 can be modified by genetic techniques* 
One or more amino acids can be deleted or substituted. 
Such amino acid changes, especially if in a region which 
is not within an epitope of the polypeptide, may not cause 

10 aivy measturable change in the serological, antigenic and/or 
immunogenic activity of the protein or polypeptide. The 
resulting protein or polypeptide will have substantially 
the same amino acid sequence and substantially the same 
biological activity and is within the scope of the 

15 invention. 

Pr^feraibly, when the gp75 proteins/polypeptides are 
administered with chiemotherapeutic agents, those agents 
are alley lating agents. Preferred chemotherapeutlc drugs 
20 for the method are cisplatin, carboplatin and mephalan. 
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Abbreviatlons 



The following abbreviations are used in this application: 



10 



15 



20 



25 



30 



35 



40 



45 



ATCC 

BCA 

BSA 

CHO 

DAB 

DHFR 

DHEM 

EDTA 

EGF 

EGFr 

E6TA 

ELISA 

FACS 

FBS 

FITC 

HAT 

HESS 

HEPES 

HPLC 

HRP 

IRHA 

HEM 

MTT 

MTX 

NHS 

PBS 

PEG 

PMSF 

PNPP 

RIA 

RPm 

RT 

SDS 

SDS-PAGE 

TAb/KAb 
T.CA 
THE 
TRIS 



American Tissue Culture Collection 
bicinchoninic acid 
Bovine serum albumin 
Chinese hamster ovary 
diaminobenz idine tetrahydrochloride 
dihydrofolate reductase 
Dulbecco modified Eagle medium 
ethylenediaminetetraacetic acid 
epidermal growth factor 
epidermal growth factor receptor 
ethylene glycol-bis (j9-amlnoethyl 
ether )-N,N,N',N' tetraacetic acid 
enzyme labeled immunosorbent assay 
fluorescent activated cell sorting 
fetal bovine serum 
fluorescein isothiocyanate 
hypoxanthine aminopterin thymidine 
Hank's balanced salt solution 
4- (2-hydroxyethyl) -1-piperazineethane- 
sulfonic acid 

high pressure liquid chromatograph 

horseradish peroxidase 

Immunoradiometrio assay 

minimal essential medium 

3 - (4 , 5-dimethylthiazoyl-2-yl) -2 , 5-diphenyl 

tetrazolium bromide 

methotrexate 

H-hydroxysuccinimide 

phosphate-buffered saline 

polyethylene glycol 

phenylmethylsulfbnylfluoride 

para-nitrophenyl phosphate 

radioimmunoassay 

Roswell Park Memorial Institute 1640 media 
room temperature 
sodium dodecyl sulfate 

sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis 

monoclonal antibody 

trichloroacetic acid 

tetramethyl benzidine 

tr is (hydroxymethyl ) aminomethane or 

amino-2-hydroxymethyl-l , 3-propanediol 
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qell Lines 

The following cell lines were used in the experiments 
herein desbribed: 

SKBR3 - Human breast cancer cell line which 

originated as a metastatic pleural effusion 
was obtained from the ATCC, catalog 

# HTB30. 

SK0V3 - Human ovarian cancer cell line which 

' originated as a metastatic ascitic effusion 

was obtained from the ATCC, catalog 
' # HTB77. 

MCF7 - ;i Husian breast adenocarcinoma cell line from 

4 pleural effusion was obtained form the 
. .. ATCC, catalog # HTB22. 

MDA361 - ~ Human breast cancer cell line which 

. originated as a metastatic tumor to the 
brain was obtained from the ATCC, catalog 
'^7 # HTB27. 

MDA435 ' - Human breast cancer cell line which 

originated as a metastatic pleural effusion 
and is obtainable from the ATCC, catalog 

# HTB129 

MDA468 - Breast cancer cell line which originated as 
a metastatic pleural effusion and contains 
amplified EGFr was obtained from the ATCC, 
catalog # HTBI3 2. 

NIH3T3 - Murine fibroblast cell line obtained from 
S. Aaronson (NIH) [Science, 237:178 (1987)] 

NIH3T3fc - Murine fibroblast cell line transfected 
' with the c-erbB-2 oncogene was obtained 
from S. Aaronson (KIH) [Science, 237:178 
(1987)]. 

HBLIOO - This relatively normal breast cancer cell 
line derived from human milk is 
immoiH:allzed with SV~40 and was obtained 
from the ATCC, catalog # HTB124. 

C0S7 - .. SV40 transformed African green monkey cells 
' ' were obtained from th ATCC catalog 
— -^#-CRL1651. 



CHO-(dxbll) - Chinese hamster ovary cells were obtained 
from the UCSF c 11 culture facility. 
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Growth Media 



The following growth media were used, for the cell lines 
as indicated, in the experiments herein described: 



10 



15 



20 



25 



30 



35 



SKBR3, 
HDA468 
HDA435 



SK0V3 



HDA361 



HBLIOO 



C0S7 



CHO-(dxbll) - 



HIH3T3 

NIH3T3. 

MCF7 



Cells were cultured in Minimal Essential 
Medium (MEM) , (Gibco Biologicals Inc., 
New York], 10% heat inactivated fetal bovine 
serum, 0.29 fig/fil L-glutamine. 

Cells were cultured in Iscove's Modified 
Dulbecco's Medium (IMDM) , 10% heat 
inactivated fetal bovine serum, 0.29 fig/ til 
L-glutamine . 

Cells were cultured in RPMI 1640, 10% heat 
inactivated fetal bovine serum, l fig/fil 
bovine pancreatic insulin, 0.29 ng/til 
L-glutamine. 

Cells were cultured in McCoy's 5A medium, 
10% heat inactivated fetal bovine serum, 
0.29 iig/nl L- glutamine. 

Cells were routinely maintained in Dulbecco 
modified Eagle medium (DMEM) supplemented 
with 10% fetal bovine serum (Gibco 
Laboratories), 100 /xN L-glutamine, 
100 \mitB/ml penicillin and 100 fig/nl 
streptomycin. 

Cells were maintained in a-MEH supplemented 
with 10% FBS L-glutamine and antibiotics. 

Cells were maintained in DMEM +4% FBS, 2mM 
glutamine 
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Methods 

The following methods were used In the examples 
below. 

5 

Protiej-i) Ane^^Y^j^s 

Proteins were analyzed by SDS-PAGE as described by 
Laemmli, Nature , 122:680-685 (1970), which article is 

10 herein incorporated by reference, using a 4% acrylamide 
stacking gel with a 10% resolving gel, both containing 
0.2% SDS. Samples were applied in 50 microliter (/il) of 
sample buffer [63 millimolar (mM) TRIS, pH 6.8, 10% 
glycerol, 5% 2-mercaptoethanol, and 2.3% SDS] and were 

15 electrophoresed for f otur hours with a constant current of 
20 nilliampere (mA) • The molecular weights of proteins 
were estimated by their mobilities relative to standard 
proteins of known molecular weight. Protein concentration 
was determined using a Coomassie blue dye-*binding assay 

20 (Bio-Rad Laboratories, Richmond, CA) • 

W^steyn Plot^ 

To characterize an antigen identified by an 
25 appropriate antibody, a modification of the Western blot 
as described by Towbin et al., Proc. Watl> Acad. Sst. , 
U.S.A. . 2fi:4350-4354 (1979), which article is herein 
incorporated by reference, was used in which the proteins 
are transferred from SDS-PA6E gels to nitrocellulose 
30 filters and identified by the appropriate monoclonal 

antibody. After transfer to the nitrocellulose filters, 
excess protein binding sites were blocked by soaking the 
filters in PBS c ntaining 3% BSA. The antigen was located 
by incubating the sheet in 30 milliliter (/til) of PBS 
35 containing 1% BSA and l*-2 X 107 counts per minut (cpm) of 
iodinated antibody for one h ur» The filter was then 
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rinsed, dried, and autoradiograph d. (As little as lOO 
picogram (pg) of protein can be detected with this 
procedure.) 

5 Preparation of Antibodies 

Preparation of Polyclonal Antibody; 92 

Hew Zealand white rabbits were iminunized with 50-200 

10 /ig E- coli recombinant antigen representing the N-terminal 
81% of the c-erbB-2 protein. The initial immunization 
consisted pf the antigen emulsified 1:1 (vol/vol) in 
Freund^s complete antigen, and injected at two 
subcuteme^tis sites. Two subsequent boosts were given at 

15 two week interyq^ls, with the antigen emulsified in 

incc»i^lete adjx;ivant. The animals were bled every two 
w0eKs via ear vein and the sera assayed by Western blot 
against gplBS eaqpressing cell lysates, by reactivity on 
the cell ^eed ELISA (described below) , by 

20 immunoprecipitation of the gpl85 protein from radiolabeled 
cell lysates, and by immunoprecipitation of the gpl70 
protein f rem radiolabeled A431 cell lysates. The sera 
demonstrated strong reactivity with gplBS by Western blot 
after 2 bdosts and cross-reacted with the E6F receptor 

25 protein. | 

Preoaratien of Polvclonal Antlbodvs 9>2 

Rabbit polyclonal antiserum was made against a 14 
30. aminp acid peptide at the C-terminus of the c-erbB-2 

protein. An immunization similar to that described above 
was used. This antiserum specifically precipitates a 
ISSkd protein from membrane preparati ns of cells 

ex pr ssing the c-erbB-2 protein. IlL_does_not_cr oss^r act- 

35 with the ]S6F rec ptor. 
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Preparation of Monoclonal c-erbB-2 Antibodies 

Balb/c mice were immunized intraperitoneally and 
subcutaneously with either 2x10^-1x10^ NIH3T3 cells 
5 transfected with the c-erbB-2 oncogene, NIH3T3^, (kindly 
provided by Dr. S. Aaronson, NIH) [Di Fiore et al.. 
Science, 232:178-182 (1987)], or with a similar number of 
SKBR3 pells emulsified 1:1 (vol/ vol) in complete Freund*s 
adjuvant. The animals were boosted every two to four 

10 weeks with cells emulsified in incomplete adjuvant. Sera 
was collected every two weeks and tested for reactivity in 
an ELISA assay (described below) against formalin fixed 
NIH3T3 or fixed NIH3T3^ cells. Animals with positive 
titers were boosted intraperitoneally or intravenously 

15 with cells in PBS, and animals were sacrificed 4 days 
later for fusion. Spleen cells were fused with 
P3-X63Ag8.653 myeloma cells at a ratio of l:l to 7.5:1 
with PEG 4000 as described by the procedure of Kohler and 
Milstein [Nature, 15£:495-497 (1975)]. Fused cells were 

20 gently washed and plated in 96-well plates at 1-4x10* 

cells/Ml in RPMI. Wells were fed with HAT medium 24 hours 
after the fusion and then every 3 days for 2-3 weeks. 
When colony formation was visible, after 10-14 days, the 
supernatants were tested for reactivity in the ELISA 

25 assay. Prospective clones demonstrating good growth were 
expanded into 24 -well plates and rescreened 7-10 days 
later. Positive wells were then assayed for external 
domain reactivity against live NIH3T3 and MIH3T3^ cells by 
flow sorting analysis. Hybridomas (designated parent 

30 hybridomas) which were positive both by ELISA assay and 
flow sorting analysis were cloned either by limiting 
dilution cloning or by single cell deposition, based on 
flow sorting analysis of surface immunoglobulin 
expression, into 96-w 11 plates containing spl n f eder 

35 cells. Wells demonstrating gr wth were retest d by ELISA 
and recloned. an additional on to three times. 
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Supernatants from hybridoma clones were tested for isotype 
and subisotype^ reactivity to surface expressed gpl85 
protein on NIH3T3^ cells by flow sorting analysis, and 
inununoprecipitation of a labeled gpl85 protein from 
5 transfected cells. Positive hybridomas were grown and 
injected into pristane-primed Balb/c mice, Balb/c nude 
mice or IRCFl mice for ascites production. Ascites were 
purified by HPLC on a Bakerbond ABx column and purified 
monoclonal antibodies (referred to by TAb #) were dialyzed 

10 against PBS and stored at -ZCC. All purified antibodies 
were tested ^f or isotype and subisotype by radial 
immunodiffusion (with less than 15% contaminating 
isotypes) cell surface staining of gpl85 expressing cell 
lines by flow sorting analysis, ELISA assay against 

15 transfected and untransfected NIH3T3 cells, 

radioimmunoprecipitation of gpl85 from labeled C'-erbB-2 
expressing cell lines, lack of cross-reactivity with the 
closely related EGF-receptor protein by the failure to 
precipitate a t-adiolabeled 1701cD protein from radiolabeled 

20 A«-43i ceils, and analyzed by SDS-PAGE and gel densitometry 
(all purified proteins are >90% immunoglobulin) • All 
monoclonal antibodies failed to recognize the gpl85 
protein by Western^ blot techniques* A summairy of the MAbs 
developed to date arid the reactivity of these HAbs is 

25 outlined in Table 1. A29 is the parent hybridoma to 

monoclonal antibodies, TAB 250-254. In some of the early 
experimentsr ad indicated, the supernatant from the A29 
hybridoma was used. 
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Flow Sorting Analysis 

NIH3T3 and NIH3T3^ (or other c-erbB-2 expressing cell 
line) cells were grown to 80% confluency in DMEM + 4% FBS. 
5 Cells were harvested with Puck's Versene, and washed twice 
with cold FACS buffer (HBSS without phenol red, 2% FBS, 
0.2% sodi^ azide, lOmM HEPES) • Cells were distributed at 
0*5-l,0xl6^ cells per 12x75 mm glass test txibe (cells 
should be.:>90% viable), pelleted, and the supernatants 

10 removed • 'the tubes were placed on ice and 100 /il of 

supernatants or purified antibodies were added per tube. 
Each antibbdy or supernatant was tested against both 
NIH3T3 cells as well as NIH3T3^ cells. The antibody was 
incubated with the cells on ice for 1 hour. The cells 

15 were washed twice with cold FACS buffer, and 100 /il of a 
FITC-cohji^Ated>49oat anti-mouse secondary antibody was 
added. After 1 hour on ice, the cells were washed twice 
with FAC$ buffer and resuspended to 500 iil with 10% 
neutral buffered formalin. The resuspended cells can be 

20 stored wrapped in foil for up to 2 days at 4^C. The 

labeled cdlls were analyzed in a Coulter EPICS 541 flow 
sorter and a mean peak channel fluorescence determined for 
5000 cells. The mean peak for reactivity to NIH3T3^ cells 
was compared to the mean peak for reactivity to NIH3T3 

25 cells. For antibodies reacting with the external domain 
port:ion of gpl85, the peaks were non-overlapping. 

Ant;A^of^Y Assays 

30 Polystyrene plates (96-well) were coated with 100 ng 

of a lysate from c-erbB-2 expressing cells diluted in PBS. 
The lysate was prepared by adding 2-3 /il cold lysis buffer 
(0.15 M NaCl, 0.1% Triton X-100, 0.1% deoxycholate, 0.1% 

SDS^ 10 mM-Tris-pH— 7ir4^1-mM-PMSF)- to 2xlO^=lxlo''~cells 

35 and Incubating on ice for 15 minut s. Lysates were 

centrifuged at 10,000g for 20-30 min and supernatants were 



wo 91/02062 PCr/US90/04340 



-57- 



assayed for protein, aliquoted and stored at -20 »C. The 
plates to which lysate was added (referred to as the 
competition plates) were incubated overnight at room 
temperature and then washed with PBS. Another 96-well 
5 plate (incubation plate) was blocked with 1% BSA in PBS 
(100 Ml/well) for 1 hour at room temperature. These 
plates were washed and antigen (either supernatants from 
gp75 expressing CHO cells, mouse sera, or cell lysate 
preparations) was mixed with TAb 251 at 5 ng/Ml in the 

10 wells, and the plates were incubated for 2-4 hours at room 
temperature. The competition plates were similarly 
blocked with 1% BSA/PBS and washed and 100 /tl of the 
incubation mixture was transferred from the incubation 
plates to the competition plate and incubated l hour at 

15 room temperature. The plates were then washed with 

PBS/ 0.05% Tween 20 and a biotinylated goat anti-mouse IgG 
antibody was added at 1:400 dilution (vol/vol) , loo (il per 
well. The plates were incubated 30 minutes at room 
temperature, washed and 100 m of a Strepavidin-HRP 

20 conjugate was added at a 1:8000 dilution (vol/vol) . After 
an additional 30 minute incubation at room temperature, 
followed by an ash step as described above, the THB 
substrate was added at 100 Ml/well. This substrate was 
prepared immediately before use by mixing 5 Ml. TMB stock 

25 (1 ng/nl 3, 3 ',5, 5' tetramethylbenzidine in methanol) with 
5 fil citrate buffer, pH 4.5 and 4 nl 30% hydrogen 
peroxide. After a 15 minute incubation in the dark at 
room temperature, the absorbance was measured at 450 nm. 
The TAb 251 preincubated with PBS was used as an 

30 uncompeted control to determine maximum binding to lysate 
coated competition plates. 

ELISA Assays 



35 



Polystyrene 96-well plates were pretr at d for' 2 
hours at 37 with b vine collagen at 1 /tg/Ml in sterile 
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PBS at lOOMl/well, NIH3T3 or NIH3T3^ cells were grown to 
80% confluency in DMEM + 4% FBS, harvested with warm 
Puck's Versene, washed and plated overnight at 27 ""C at 
1x10^ cells//il, 100 ^1/well, in the previously treated and 
washed collagen plates. Plates were gently washed and 
treated for 1 hour with 100 /il of 10% neutral buffered 
formalin. The plates were again washed with PBS, and 
blocked with 1% BSA in PBS for 1 hour at 37**C. Sample 
supernatants or antibody dilutions were then added to the 
coated, blocked and washed plates at 100 lil per well and 
the plates were incubated for 2 hours at 37 ®C. After 
another PBS wash step, 100 /tl of a 1:500 dilution of an 
alkaline phosphatase-cpnjugated goat anti-mouse IgG 
Fc-^specif ic secondary antibody was added and the plates 
were incubated for 1 hour at 37**C. After a final PBS 
wash, a BioRad substrate (PNPP + diethanolamine) was 
added, and after a 10-15 minute incubation at room 
temperature, the absorbance was measured at 405 nm. 

Immunoperoxidase Staining 

The immunoperoxidase staining procedure used was a 
modification of the avidin-biotln immunoperoxidase 
technique of Hsu et al., J. Histochem. Cytochem. , 29, 
577-580 (19B1) as described by Horan-Hand, et al. Cancer 
Res*, 43, 728-735 (1983), both of which articles are 
herein incorporated by reference. 

The following examples are presented to help in the 
better understanding of the subject invention and for 
purposes of illustration only. They are not to be 
construed as limiting the invention in any manner. 
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Exainple 1 
Expression of c -erbB-2 in CHO Cell a 
5 c-erbB-2 Vector Construction 

A 2.0 kb fragment of the c-erbB-2 cDNA encoding the 
extracellular domain of the putative c-erbB-2 protein was 
excised from the Okayama-Berg cloning vector, pSV7l86 

0 (available through Pharmacia, cat. #27-4948-01) using Ncol 
and Aatll, blunt-ended using T4 DNA polymerase, and 
ligated with EcoRI linkers (NE Biolabs, cat. #1078). The 
initial c-erbB-2 cDNAs were isolated by D. Slamon (UCLA) 
and were derived from a female patient with adenocarcinoma 

5 of the breast (see Figure 16 for the complete nucleotide 
sequence for c-erbB-2) . The EcoRI-linkered partial 
c-erbB-2 cDNA was then sxibcloned into EcoRI digested 
pFRSV, an SV40-based derivative of pFR400 (Horwich et al. 
1985). To construct pFRSV, a 2.6 kb PvuII/Hpal fragment 

[» was isolated from pKSVlO (commercially available through 
Pharmacia, cat #27-4926-01), and blunt-end cloned into 
PvuII-digested pFR400. The Bglll site at nucleotide 
position 5107 of pKSV-10 had previously been converted to 
an EcoRI site by site-directed mutagenesis (Zoller and 

1 Smith 1987) leaving a unique RI cloning site in the final 
construct, pFRSV. This vector also contains the dominant 
selectable marker, DHFR> which was utilized for 
anqolification of the gp75 c-erbB-2 derivative. The final 
construct, designated pFRSV-c-erbB- 2sec (Figure 3) was 

» transformed into 1. coli strain, HC1061, and plasmid DNA 
was isolated according to Maniatis et al. 1982. 

Transfection of PFRSV-c-erbB-2sec 



35 



Transient expression f the plasmid was monitor d 
using C0S7 cells and calcium phosphate (CaP04) -mediated 
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transfection (Grahatm and van der Eb 1973) . Cells wer 
split 1:10 onto 100 mm tissue culture dishes 24 h prior to 
transfection (app. 30-50% confluency) . 20 /ig (in 10 m 
vol) of the plasmid construct in -49 /il 2X HeBS was mixed 
5 with ^S jil bf .25 M CaClj. [see Ausutel et al. (eds.) 

1988)] whicli was slowly bubbled into the ONA/HeBS mix, 
voxrtexed for 10 sec, and then allowed to stand at room 
temperature for 20-30 min to allow for formation of the 
DNA precipitate. This precipitate was then added to the 

10 dish of C0S7 cells, and the cell/precipitate mix was 

incubated at 37 ^C, 5% COj f or 15 h. The precipitate was 
washed from the cells with phosphate-buffered saline 
(Gibco) , incubated in complete growth medium (DHEH) and 
assayed for expression of c-erbB-2 48 h following 

15 introduction of the DNA. 

Stable! e^qpression of pFRSV-c-erbB-2sec was obtained 
in CHO cells after using CaPO^-mediated transfection (see 
above) • The DNA precipitates were made exactly as 

20 described above using 20 M9 of plasmid DNA and four 100 mm 
dishes of CHO cells. Each transfected 10.0 mm dish was 
split 1:20, 72 h following introduction of the plasmid, 
and culture for 18 days in a-HEH (lacking nucleosides and 
nucleotides) containing 10% dialyzed fetal bovine serum 

25 and 20 nK HTX. Stepwise amplification was initiated, 
cells were passaged every 6 days into increasing 
concentrations of HTX (100 iiM, 2.5 mH, 12.5 nOI and 50 mH) . 
These MTX-resistant populations were cloned by limiting 
dilution following 21 days of growth in MTX. 10^ cells 

30 from one of these populations were diluted in growth 

medium (see £Jx)ve) as follows: 2X, 1:100, then 2X 1:10, 
resulting in approximately 1 cell/well of a 96 well 
microtiter plat (Cpstar) • The cells were maintain d in 50 

mM-MTX-and-:expand d-success i vely-into— 2 4- and-6-wel-l 

35 microtiter plates, followed by 60 mm dishes over a period 
of three weeks. Ijie HTX-resistant clon s were then 
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assayed for gp75 expression by radioimmunoprecipitation, 
immunofluorescence, and Western blot. 

Immunof luorescence . 

5 

Cellular localization of gp75 was detected using 
anti-c-erbB-2 TAb 252 or the supernatant from the parent 
hybridoma thereof A29. (See Methods above for methods of 
preparing said MAbs.) Cells were unadhered with PBS/5nM 

10 EDTA, washed 2X with PBS, and fixed in 2 nl 4% 

p-formaldehyde/PBS for 10 min at 37»C. Cells were washed 
in PBS, incubated in 0.6% n-octyl-glucoside/PBS for 5 min 
at RT to permeabilize membranes, and then resuspended in 
IX BBSS containing 2% FBS and lO m HEPES, pH 7.0 

15 containing 10 lig/fil of either of the anti-c-erbB-2 MAbs. 

This incubation with the primary antibody was performed on 
ice for 60 min, followed by two washes in PBS. Cells were 
then resuspended in 100/41 of BBSS containing FITC-F(ab»)2 
anti-mouse igG (Tago, Inc. , Catalog #4950) . Transfected 

20 cells were also stained with a non-specific murine myeloma 
IgGl (Litton Bionetics). 

Radioimmu noprecipitation (TtTV\ 

25 Transiently transfected or stably expressing 

c-erbB-2sec cells were grown in 60 mm dishes to 80% 
conf luency, and then starved in 2 fil cystine-free media 
for 1 h. Cells were then labeled with 200 mCi 
35S-cysteine (specific activity = 600 Ci/mmol; Amersham) 

30 for 15 h at 37 'C, 5% CO2. The supernatants were then 
harvested and stored in 1 mM PMSF at -20«C. The cells 
were washed 2X in cold phosphate-buffered saline and lysed 
in 0.4 Ml. IX RIPA buffer [ 0,15M NaCl, 1% Triton X-100 
(lOMl/L), 1% Ma deoxycholate (lOg/ L), 0.1% SDS (Ig/L) , 

35 lOmM Tris~pH 7.4, imM PMSF] per dish. After preclearing 
the lysates with protein A- sepharose ( 60^1 per 400/il of 
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lysate) , lO/il of the lysates were TCA precipitated to 
check for upteike. The lysates were then normalized for 
4X10^ counts per sample and incubated overnight with the 
antibody at 4**C on. a rocker. The supematants were 
5 concentrated and equivalent amounts were incubated 

overnight with the antibody (4»C on a rocker). After 
overnight incubation, samples were precipitated with 60/il 
of protein A- 6#pharose for 30 min. at 4«c and then spun 
down and w^khed with IX RIPA four times. The adsorbed 
10 immunocompiexes were, after final wash, resuspended in 
35/il of 2X Laem/ili buffer, boiled 5 min. and 
electrophoresed through a 7% acrylamide gel. The gel was 
then fixed, dried and exposed overnight. 

15 For the Western blot, a 7% SDS-acrylamide gel was run 

and blotted with Tris- glycine-methanol buffer onto 
nitrocellul^pse^ Blocking and incubation was done in 10% 
milk and 2% BSA* The method of detection was 
biotln-avidin with DAB as the substrate (diaminobenzidine 

20 tetrahydrophloride in .IH Tris, .02% hydrogen peroxide). 

The blot was washed with a .05H Tris, .25H sodium chloride 
(NaCl) , 3mH EDTA, .05% Tween 20 solution. 

Detection of the Soluble c-erbB-2 Derivative (m75) in CHO 
25 Cells 

The pFIlSV-cerbB-2sec construct was introduced stably 
into CHO dxll as described above, and reactivity with 
anti-c-erbB-3 TAb 252 was examined in both cell lysates 

30 and supemates following the step-wise increase in MTX 

concentration, resulting in the anticipated amplification 
of gp75. Using RIP analysis as elaborated previously, the 
major porti n of gp75 was detect d surprisingly in cell 
lysates; a. substantially lesser amount was observednSf"m 

35 the supematants f the stably expressing gp75 CHO 

population. Immun fluorescence was performed to aid in 
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determining why this should occur since the construct did 
not contain a hydrophobic transmembrane domain, and, thus, 
should have been secreted into the supernatants of the 
gp75 stably transfected CHOs. Immunofluorescence analysis 
revealed roughly 30% of one transfected CHO population and 
10% of a second population were reactive with the 
anti-c-erbB-2 TAb 252 and the protein did not appear to be 
localized to any particular organelle egs. lysosomes, 
nucleus, we assumed that that we could increase the 
secreted fraction of gp75 by limit dilution cloning of 
either of the gp75-expressing CHO populations. Individual 
MTX-resistant (50mM) clones were obtained, expanded, and 
assayed for gp75 expression using the anti-c-erbB-2 TAb 
252. Immunofluorescence analysis, RIP analysis and 
Western analysis confirmed the successful cloning and 
ea^ression of gp75. Expression levels of secreted gp75 
from CHO clones were approximately 10-20 fold greater 
compared with the uncloned populations. 



20 To examine the possibility that a 'soluble' 

derivative of c-erbB-2 might occur in vitro, con^tition 
for binding to an anti-c-erbB-2 TAb 252 recognizing an 
extracellular epitope was performed. The two cell types 
used for this experiment were NIH-3T3 stably transfected 

25 with a full length c-erbB-2 cDNA (King et al., 1985) and 
one of the gp75-expres8ing CHO clones described aibove. 
Supernatant was collected from the clone which was 
previously in vitro labeled using 35S-cystine. 
Competition was performed using a constant amoiint of 

30 anti-c-erbB-2 antibody TAb 252, a constant amount of 

labeled gp75- CHO supernatant with increasing amounts of 
3T3-c-erbB-2 unlabeled cell lysate. SDS/PA6E revealed 
that as the concentration of unlabel d 3T3-c-erbB-2 
(gpies) increased, the intensity f th RIP band at 

35 approximat ly 75Kd decreased proportionally (Figure 4) . 

This strongly suggested that a solubl form is 'released' 
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from cell types expressing a membrane-bound form of this 
protein, arid there is apparent heterogeneity in 
glycosylation among different cell types. The supernatant 
from the gp75 expressing CHO cells competed the binding to 
5 the HIH3T3^ lysate (Figure 4)* 

: pxample 2 

Purification of Recombinant c-erbB-2 Protein 

10 

Plasmid Purification 

The plasmid DNA was amplified in a one liter culture 
of bacteria by adding 200 fig/ixl chlor£uaphenicol to the 
cells at OD 600- 0.8. After overnight incubation at 37^C, 
the bacteria was pelleted and resuspended in 10 /il of 50 
rM sucrose/ 25 mM Tris-Cl (pH 8.0) and 10 jssn EDTA. 
Another 10 jtils of this solution with 10 fig/TSil lysozyme was 
added and incubated at room temperature for 10 min. 40 
mis of a 0.2H NaOH, 1% SDS solution was slowly added into 
the mix and incubated on ice for 10 min. Then 30 mis of 
3M sodiim^. fLcetate pH 5.0 was added and the mixture was 
incubated another ;lo min. on ice before centrlfugation at 
20,000 rpm for 20 min. at 4^C in a Beckman SW27 or 
equivalent* The supernatant was precipitated with an 
equal voluiiote of isopropanol at room temperature for 20 
min., and precipitate spun down in a Sorvall at 
I2,000g fori 30 i&in. at room temperature. The pellet was 
resuspended in 2.4 ml TE buf f er (lOmH Tris-Cl pH 7.4, 1 bM 
EDTA) and mixed with 4.2 g cesium chloride (CsCl) and 0.4 
ml ethylene bromide (EtBr) (10 ^g/ml) . The sample was 
then loaded into a 5/8 X 3 in. Beckman Quick-Seal 
polyallomer tub beneath a layer of CsCl solution, 
approximately 8 mis, (density = 1.470 g/ml, n « 1.3780) 
35 and spun at 50^000 rpm in a Sorvall T127 f r 18 hours at 
20«C. i 



15 



20 



25 



30 
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Preoaration of Immunoaff initv Gel 

Monoclonal antibody TAb 254 (See Methods above for 
5 preparation of said MAb) was coupled to an NHS activated 
affinity gel (Affi-Prep 10; Bio-Rad Labs, Richmond, CA) 
according to the manufacturer's directions. Briefly, 4.5 
ng of purified antibody was exchanged into Coupling Buffer 
(20mM HEPES, pH = 7.5, 150 UM NaCl) , then concentrated by 

10 ultrafiltration to a final volume of l.o ml. This 

solution was added to 2.0 ml of gel pre-equilibrated in 
ice cold Coupling Buffer, and the slurry was mixed 
overnight at 4»C. After coupling, the gel was collected 
on a scintered glass funnel and washed with Coupling 

15 Buffer. Samples of the filtrates were assayed for protein 
using a BCA protein assay (Pierce, Rockford, IL) . The 
total protein recovered in all filtrates was 1.2 /ig- It 
was, therefore, assumed that 3.3 ^ig of igG was coupled to 
the gel. 

20 

Rraaaining reactive sites were blocked with 
2-aminoethanol. 5.0 ml of a 100 mH 2-aminoethanol 
solution in Coupling Buffer, pH = 8.5, was added to the 
gel, and the slurry was mixed at room temperature for two 
25 hours. The gel was then washed extensively with PBS and 
stored at 4«C. Sodium azide was added (final 
concentration of 0.02% w/v) to inhibit bacterial growth. 

Isolation and Purif ication of the c-erbB-2 Extracellular 
30 Domain 

Starting material for the purification of soluble 
c-erbB-2 extracellular domain protein was a 10-fold 

concentrate-of-the-transfected-CHO-supematantni — The 

35 concentrat d supernatant was thawed and protease 
inhibitors were added to the following final 
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concentrations: 0.2 mM PMSF, 2.1 f^g/vil aprotinin, 2.5 
ng/ml pepstatin A, 1.0 fig/Tnl leupeptin, 2 ©M EDTA, 2 inM 
EGTA. The pH of the supernatant was adjusted to 7.0 with 
1,0 N sodium hydroxide (NaOH) • 

5 

In some experiments, the supernatant was concentrated 
another 4-fold by ultrafiltration. Additional 
concentration caused the supernatant to become turbid, and 
this turbidity was removed prior to chromatography by 
10 centr if ugation (10,000 X g, 20 min*) • 

The supernatant was filtered through a 0.45 mm 
membrane, then loaded on a 0.5 X 5 cm column packed with 
the 254 immunoaff inity gel (1.0 ml bed volume) • The 

15 column was losuled at a flow rate of 0.2 ml per minute. 

Nonspecif ically bound material was washed away with 10 rxSH 
sodium phosphate, pH « 7.0, 500 mH sodium chloride (NaCl) • 
Washing was continued until a stable baseline absorbemce 
at 280 nm was reached. Specifically bound material was 

20 then eluted with a step gradient of 100 inH glycine-HCl, pH 
» 2.5, at a flow rate of 0.2 ml/min. l.p ml fractions 
were collected. The column was then washed extensively 
with PBS. Loading, washing, and elution were carried out 
at 4<^C (Figure 1) . 

25 

The presence of c-erbB-2 protein in the column 
fractions was determined by SDS-PA6E and Western blot 
analysis (Figures 2 A and B) . For Western blot analysis, 
antigen was detected using polyclonal antibody 92A (see 

30 Methods above for its preparation) (purified IgG fraction) 
at a 1/2000 dilution (vol/vol) . Fractions containing peak 
reactivity, were pooled and dialyzed against PBS containing 
the protease inhibitors list d above. The dialyzed pool 
was then concentrated by ultrafiltratloxu Final protein 

35 yi Id was determin d by BCA prot in assay using b vine 

gamma globulin ^(Bio^Rad Labs, Richm nd, CA) as a standard. 
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Total protein yield from one chromatography cycle was 
about 90 ^g. This represented approximately 90% of the 
antigenic activity in 500 ml of lOX concentrated 
supernatant, as determined by IRMA. Five loading and 
elution cycles were carried out on the same column without 
an apparent loss in antigen binding capacity. SDS-PAGE 
analysis of the eluent pool revealed two closely spaced 
bands at approximately 75 kD and a minor band at 90 kD. 
These differences in size are probably due to differential 
glycosylation and/or proteoylsis of the protein. 



Example 3 



Immunoradiometric Sandwic h Assays fTRMA) 

TAbs 251 and 255-265 were radiolabeled using the 
lodogen method to a specific activity of 10-20 mCi/zug. 
Immulon I removal 96-well plates were coated with one of 
the following TAbs: 251, 255-265, at 10 ng/ml in pBS at pH 
7.2 overnight at 4«'C. The plates were then washed with 
PBS, blocked with 1% BSA in PBS for l hour at 37'C. After 
an additional wash step, 100 ml of the samples (either 
cell lysates or supematants, partially purified gpi85 or 
gp75 proteins, or serum samples) diluted in PBS were added 
to the TAb-coated wells and the plates were incubated for 
2-5 hours at 37«»c. The plates were washed and 100 ml of 
the radiolabeled tracer antibody (adjusted to 200,000 
cpm/100 ml with 1% BSA in PBS) were added to the wells. 
After a 2-24 hour incubation at room temperature, the 
plates were washed and individual wells were counted in a 
gamma counter. Percent bound (1% B) was calculated using 
the following eguati n: 



35 



%B = (cpm of sample/total cpm) x 100 
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For assays in which an affinity purified gp75 protein 
(from a transf acted CHO cell line) was available, a 
sigciirve function was used to generate a standard curve 
from which unknown concentration were determined in ng/ml 
5 gp75 equivalents from the fitted function. 

Table 2 depicts which combinations of monoclonal 
antibodies were able to detect the gp75 protein in the 
sandwich IRMA format. Both a semi-purified gpl85 as well 

10 as a gp75 standard were tested in two of the IRMA formats. 

Interestingly, one of these formats utilizing TAb 251 as a 
capture antibody and TAb 255 as a labeled antibody, was 
able to detect signals from c-erbB-2 expressing cell line 
lysates and the gplBS protein partially purified from 

15 NIH3T3 celli transf ected with the c-erbB-2 oncogene, but 
was not able to detect the gp75 protein or a signal from 
nude iaouse sera bearing c-erbB-2 induced tumors. This 
data, suxcQQuarized in Table 3, along with data from the 
con^etition assay suggested that the final assay format 

20 would need to detect gp75 protein in order to also detect 
a signal in nude mouse sera. The final assay format with 
appropriate sensitivity and specificity for gpl85 as well 
as gp75 consisted of TAb 259 as a capture antibody and TAb 
256 as the tracer antibody. This assay detected the 

25 partially parifled gp75 protein with a sensitivity of 

0.5-1 ng/mlV detected a partially purified gpl85, detected 
signals in tiell lysates overesqpressing gpl85 and in nude 
mouse sera {summarized in Taible 3) • A standatrd curve for 
this assay showing increased sensitivity for the gp75 

30 protein is depicted in Figure 7. The TAb 256/259 IRMA 
assay was used to guantitate signals from cell culture 
supematants. Cell lines, which are positive for the 
c-erbB-2 protein, shed an antigen which was detected and 
guantitat d by this~TRMA assay. TaBIe~4"lndicates"that 

35 1 V Is of sh d antig n for a c ntrol NIH3T3 cell line ar 
at background levels, whereas cell lines overexpressing 
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gpl85 and shedding a gp75 molecule in the supernatant as 
detected by radioimmunoprecipitation also shed an antigen 
detectable in the sandwich IRMA and quant ita ted at 22 to 
70 ng/ml gp75 equivalents. The level of shed antigen 
depends on the level of c-erbB-2 overexpression as well as 
the confluency of the cultures. 

This format was used to analyze and quantitate all 
mouse and human serum samples, and cell supernatants and 
cell lysates. Results from the competition and sandwich 
assays are summarized in Table 3, and indicate a 
correlation between the ability to detect the partially 
purified gp75 external domain protein and the ability to 
detect a shed antigen in serum samples from nude mice 
bearing c-*erbB*2 induced tumors or in serum samples from 
hiiman breast cancer patients. 
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TABLE 3: Comparison of Competition and IRMA Assays in the 
Detection of External Domain of c-erbB-2 and Shed Antigen 
in Serum Samples 
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Example 4 

Nude Mouse Tumor Growth and Treatment 

5 Balb/c nude mice were bled via tail vein prior to the 

start of the experiment. Animals were then injected 
(day 0) subcutcuieously along the mid dorsum with 
5x10^-1x10^ NIH3T3^ cells in 200 ml PBS. These cells were 
greater than 90% viable upon injection. The animals 

10 receiving treatment were injected 2-3 days after receiving 
cells (before tumor volume reaches 100 mm^) with PBS, an 
IgGl control antibody or a TKb antibody at 100-500 Mg/300 
ml injected intraperitoneally every two-three days. 
Growth was determined by measuring length, width and 

15 height of the tumor using vernier calipers and calculating 
the volume In mm^. Tumors were measured every 3 to 4 
days. Animals were bled via tail vein every week to two 
weeks until the experiment was terminated at 28-31 days. 
At the end of the experiment, animals were terminally 

20 bled, the tumors were measured and excised for subsequent 
immunohistochemical studies. 

Detection of Shed Antigen in Nude Mouse Sera 

25 In Figure 8, the percent bound signal in the IHMA 

assay of a 1:5 serxm dilution (vol/vol) was graphed as a 
function of tumor size at the time the serum was drawn. 
These sera were from animals bearing tumors induced by the 
c-erbB-2 transfected NIH3T3 cells. The assay was able to 

30 detect an Increasing signal with an increase in tumor size 
up to about 3000 ram^, after which the signal plateaued. 
Due to very strong signals and limiting amounts of sera, 
the sera are mlalyzed at dilutions of 1/5 to 1/625 
(vol/ vol) . Strong "signals we 

35 at the highest serum dilution. Wh n tumor bearing mice 
were treated with PBS or an IgGl control antib dy, th 
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signal detected by the IRMA assay was similar to untreated 
mice (Figure 9) . However, when animals were treated with 
a TAb recognizing the c-erbB-2 external domain, the amount 
of shed antigen detectable by the assay was severely 
5 suppressed at tumor sizes up to 3000 mm^. Even in mice 
with tumor sizes >3000mm^, signals were suppressed in 
about half of the sera tested. These data suggest that an 
antibody recognizing the external domain of c-erbB-2, or a 
portion thereof, may suppress the level of detectable 
10 signal in the sandwich ISMA assay. 

Human manmiary or ovarian cell lines overexpressing 
the gpi85 protein, grown in nude mice, also shed an 
antigen detectable in the c-erbB-2 IRMA assay as shown in 

15 Table 5. The signal correlates with increase in tumor 

size. MCF7 induced tumors remained small and did not shed 
a C-erbB-2 related antigen. The HDA468 cell line Induced 
substantial tumor growth (>2000 xm^) and had a substantial 
amount of E6Pr but did not shed any antigen detectable by 

20 the sandwich IRMA assay (Table 5) . 
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TABLE 5: Quantitation of . Shed Antigen in Sera from 
Nude Mice Bearing Tumors Induced by High 
and Low c-erbB-2 -expressing Human Cell Lines 



Sample/ gpl85 
Cell Line expressing 

Pretumor 

MCF7 



House 
House 



Tumor 

Volume 

(mm^) 



195 
540 



gp75 
equivalents 
(ng/ml) 



0 
0 



15 



20 



25 



30 



35 



40 



45 



"50- 



MDA468 



SK0V3 



HDA361 



2 
3 
1 
2 
3 



2 
3 

4 
1 
2 
3 



228 

594 

2436 

3328 

2700 

553 
920 
1625 

1031 
2052 

540 
891 
1250 
1260 

2681 
4128 

1924 
3391 

3391 
4000 

1211 
882 
1120 
1252 
1560 
-1640_ 



0 
0 
0 
0 



14.2 
10.3 
29.4 

10.2 
12.3 

6.8 
5.0 
10.0 
7.7 

16.3 
51.9 

28.1 
34.4 

73.5 
104.8 

18.6 
21.2 
22.5 
18.5 
21.9 
_25_,5_ 



432 
400 
1309 



7.4 
7.8 
12.2 
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The competition assay was used to detect gp75 
antigens which compete the binding of TAb 251, an 
ectodomain reactive MAb, with a lysate from transfected 
NIH3T3 cells. Figure 13 demonstrates that lysates from 
5 cell lines expressing c-erbB-2 gpl85, such as the human 
mammary cell line BT-474 and the human ovarieui cell line 
SK0V3, can compete the binding to the NIH3T3^ lysate 
compeurable to the HlH3T3t lysate. The control 3T3 cell 
lysate that was not transfected failed to compete. 
10 Likewise, a supernatant from CHO cells transfected with 
the gp75 external domain is shown to compete the binding 
to the NIH3T3t lysate (Figure 14) verifying that TAb 251 
recognizes ectodomain and this binding alone is sufficient 
to compete the binding of the MAb to gpl85. 

15 

Nude mouse sera from mice bearing large tumors 
induced by the NIH3T3^ transfected cells can compete the 
binding to the NIH3T3 (c-erbB-2 expressing cells) lysate 
as shown in Figure 15. The eibility to compete correlates 
20 with increasing tumor size; however, the assay is not 
sensitive enough to detect a signal distinct from 
non-specific interference at serxim dilutions lower than 
1/160 (vol/vol). 

25 Example 5 

Detection of Shed c-erbB-2 in Hu man Tumor cell CuH^ui;'^ 
Supemate 

30 Human breast tumor cell lines were cultured in T150 
flasks and labeled with 400 mCi of 35S-cysteine in 15 fil 
of cysteine and methionine-free medium (Dulbecco's 
Modified Eagle's medium, DUE H21, with 4.5 gm/1 glucose). 
Cells were l abeled overnight at 37»C. After 24 hours, the 

35 medium was removed, protease inhibitors added (Leup^tin 1 
fig/ Hi, Boehringer Mannheim; Aprotinin 2.1ng/nl, Sigma; 
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Pepstatin A 2.5 fig/fil, Boehringer Mannheim; and PMSF 0.1 
mM, Sigma) , and then concentrated to 400 /xl using an 
Amicon Centriprep 30. 

5 Prior to immunoprecipitation, supernatants were 

stripped of non-specific protein A binding by incubation 
at 4*0 for 4 hours with 100 /lil of a 50% slurry of protein 
A-sepharose beads. The beads and non-specif ically boxmd 
material were removed by a 30 second spin in a microfuge, 

10 and supernatants were removed to new tubes. Antibody 

(20m1 containing approximately 10 tig) was then added, and 
the mixtures were incubated for 24 hours at 4^C on a 
rotator. The following day, 50^1 of the protein A slurry 
was added to the sample which was incubated for 4 hours at 

15 4°C on a rotator. The beads were then pelleted for 30 

seconds in a microfuge and washed five times with ice cold 
RIPA buffer (lOOmM Tris-HCl pH 7.5, 100 mM HaCl, 0.5% 
TritonX-100, 0.5% deoxycholate, 10 M9/M1 bovine serum 
albumin, 0*2mH FHSF) • Between the 3rd and 4th wash, tubes 

20 were changed. The final pellet was suspended in 50 /til of 
Laem/ili sample buffer containing 1% beta-mercaptoethanol. 
Samples were heated to 75^C for 5 minutes, spun for 30 
seconds In a microfuge, and loaded onto a 7% SDS 
polyacrylamide gel. 

25 

The gels were stopped at approximately 120 mA-hrs and 
then fixed in 10% acetic acid, 30% methsmol in distilled 
water for 45 minutes - 1 hour. After a quick wash in 
distilled water, gels were soaked for l hour in 250 /il 
30 fresh distilled water. Gels were permeated with 250^18 
EnHance (DuPont) for 90 minutes and equilibrated in 2% 
glycerol prior to drying onto filter paper. Dried gels 
w re exposed to Kodak X-OMAT AR-5 X-ray film at -80<>C for 
"^oneto^thre daysv^ 

35 
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Detectio n of the soluble c-erbB-2 derivative rap75> in the 
media supernatant of human tumor cells 

Figure 5 shows the autoradiogram of tissue culture 
5 supernatant from SKBR3 cells that was concentrated and 

precipitated with various antibodies. A distinct single 
band of approximately 75 kd was evident in those samples 
treated with c-erbB-2 antibodies (A29 and TAb 252) 
reactive with the extracellular domain. In contrast, no 

10 bands appeared in supernates treated with either a rabbit 
polyclonal antiserum made against a c-erbB-2 C-terminal 
peptide or with a monoclonal specific for the EGF receptor 
(Amersham) . The specificity of the 75 Jed band derived 
from SKBR3 cells was further demonstrated by the ability 

15 of the ssme monoclonal, TAb 252, to precipitate an 
identical molecular weight species from 3T3 cells 
transf ected with the c-erbB-2 oncogene (Figure 6) . Also 
shown in Figure 6 is the inability of TAb 252 to 
precipitate a 75 kd band from 1IDA468 supemate. That cell 

20 line expresses large quantities of EGF receptor, but does 
not express detectable levels of c-erbB-2. A larger 
molecular weight species of approximately 105kd was 
precipitated from these cells with an anti>E6F receptor 
monoclonal. 

25 

Precipitations were also done with supematants from 
a third cell line, HDA435, that eiqpresses neither c-erbB-2 
nor detectable EGF receptor (Figiire 6) , and no bands at 
either 75 or 110 kd were detected. 

30 

Example 6 

Detectio n f Shed Antigen in Human Sera 



A panel of 20 human sera from breast cancer patients, 
on which s guential bleed dates were available, were 
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tested in the assay. Sera from normal volunteers indicate 
a background level of 1,68% in the assay (Figure 10) 
whereas sera from 3 patients (patients 4, 7 and 19) 
indicate shed antigen levels significantly above 
5 background (Figure 11) . The signal from these sera 

decrease in a parallel manner with the gp75 standard as a 
fiinction of increasing dilution (Figure 12) • Another 
panel of 88 breast cancer sera was tested in the assay and 
13 sera are detected as positive with levels significantly 

10 above backgrwind^ varying from 9.9-1511 ng/nl gp75 

equivalents. There seems to be no correlation between the 
amoimt of shed antigen as measured by the sandwich crp75 
TBMK and a commercially available diagnostic assay from 
Centocor (Table 6) • The Centocor assay is an FDA-approved 

15 assay for the diagnosis of human breast cancer which has 
been commercially available for several yeeu:s« The 
Centocor assay measures a mucin, and was positive for each 
of the 13 breast cancer sera that tested positive in the 
IRHA gp75 assay. The IRHA gp75 assay, however, shows a 

20 slightly different gp75 profile for each patient whereas 
the Centocor assay's measure of the mucin level is more 
standard for each patient. The differences in gp75 levels 
laay be indicative of varying disease status for different 
patients. 

25 

It Is understood that the hybrid micro*»orgeuiisms, 
recombinant DNA molecules and proteins/polypeptides and 

30 methods applicable to them of this invention are not 

limited to those described in the preferred embodiments 
above. The hybrid organisms, recombinant DNA molecules 
and protein/polypeptides may be modified dturing pr duction 
oif^ubsequently^ by known meth ds-to-good- advantage • — ^For — 

35 exampl , more efficient contr 1 sequences may be used for 
transcription of th c-erbB-2 s (juences, mutations t 
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reduce the synthesis of undesired products may b 
introduced, the protease levels in the host cells may be 
reduced, thermo-inducible lysogens containing the c-erbB-2 
sequences may be integrated into the host chromosome or 
other modifications and procedures may be carried out to 
increase the number of sequence copies in the cell or to 
increase the cell's productivity in producing the desired 
protein/polypeptide . 

Various modifications of the invention in addition to 
those shown and described herein will become apparent to 
those in the art from the foregoing description. Such 
modif ictions are intended to be within the scope of the 
appended claims. 



TABLE 6: Quantitation of Shed Antigen in Human Breast 
Cancer Sera in the TAb 259/256 Sandwich IRMA, 
20 Comparison with the Centocor Assay 



Breast Cancer IPMA Centocor 

Serum san^le gp75 equivalents CAlS-a RIA 

(ng/Ml) * (units/Ml) ** 



30 



35 



40 



1 


43.7 


164 


2 


38.4 


>200 


3 


75.1 


< 25 


4 


39.1 


43 


5 


60.1 


>200 


6 


37.6 


>200 


7 


81.9 


37 


8 


1511.0 


>200 


9 


9.9 


98 


10 


27.8 


43 


11 


10.0 


<200 


12 


104.6 


139 


13 


19.8 


75 



* — ^E»ess-than-5.-l0-ng/Ml— is-negative. 

45 ** Normals c nsidered 13.9+ 8 tinits. 
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What we claim is: 

1. A reccHnbinant DNA molecule comprising a DNA sequence 
that codes for the external domain of the c-erbB-2 
5 protein (gp75) or for one or more portions of said 

gp75, wherein said DNA sequence is operatively linked 
to an expression control sequence in said DNA 
molecule. 

10 2. A recombinant DNA molecule according to Claim 1 which 
codes for one or more portions of said gp75 wherein 
said portion or portions is or are serologically 
active, antigenic and/ or immunogenic. 

15 3. A unicellular host which is either prokaryotic or 
eukarybtic transformed with the recombinant DNA 
molecule of Claim 1. 

i 

4. A unicellular host acording to Claim 3 which is 
2 0 eukaryotic • 

5. A unicellular host according to Claim 3 wherein the 
recombinemt DNA molecule is a recombinant cloning 
vehicle conqprislng a first and a second restriction 

25 endoniiclease recognition site, said DNA sequence 

being inserted between said first and second 
restriction sites. 

6. A unicellular host according to Claim 3 which is 
30 selected from the group consisting of strains of 

E. coli , Pseudomonas, Bacillus, yeast, other fungi, 
and aniiaal, insect, and plant cells in culture. 



77 

35 



A uniceTlular~hostaccording-to Glaim-4-which-is 
selected from the group consisting of yeast and 
mammalian cells in cultur • 
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A unicellular host according to Claim 7 which is a 
mammalian cell selected from the group consisting of 
monkey cells and Chinese Hamster Ovary (CHO) cells in 
culture. 

A unicellular host according to Claim 8 wherein the 
monkey cells are from the cell line C0S7 and the CHO 
cells are from the cell line CHO-{dxbll), 

A recombinant DNA molecule according to Claim 1 which 
is plasmid pFRSV-c-erbB-2 sec. 

A purified and isolated DNA molecule for use in 
securing expression in a prokaryotic or eukaryotic 
host cell of a protein or polypeptide product having 
at least part of the amino acid sequence of gp75, 
said DNA selected from: 

(a) DNA molecules encoding for gp75 or fragments 
thereof; 

(b) DNA molecules which hybridize to the DNA 
sequence of a) or fragments thereof; and 

(c) DNA molecules which, but for the degeneracy of 
the genetic code, would hybridize to the DNA 
molecules defined in a) iand b) . 

A purified and isolated DNA molecule according to 
Claim 11 wherein the host cell is eukaryotic. 

Recombinant gp75 prot ins and polypeptides. 



Recombinant gp75 proteins and polyp ptides according 
to Claim 13 which are glycosylated. 



wo 91/02062 



PCT/US90/04340 



-84- 



15. Recombinant gp75 proteins and polypeptides according 
to Claim 14 which are serologically active, 
immiinogenic and/ or antigenic. 

5 

16. Substantially pure, gp75 protein and any polypeptide 
portion thereof. 

17. Antibcfdies, both monoclonal and polyclonal, to the 
10 recombinant gp75 proteins and polypeptides of 

Claim 14. 

18. A method of treating mammals for neoplastic disease 
by administering the antibodies of Claim 17. 

15 

19. A method for producing gp75 proteins and/or 
polypeptides cos^rising the steps of: 

a) transforming a unicellular host with a recombinant 
20 DHA molecule of Claim 1; 

b) culturing said unicellular host so that said gp75 
proteins and/or polypeptides are eacpressed; and 

25 c) extracting and isolating said gp75 proteins and/ or 

polypeptides* 

20. A method of testing mammalian body fluids for the 
presence of gp75 which comprises contacting a 

30 composition containing antibodies to gp75 proteins 

and/or polypeptides, with a sample of a mammalian 
body fluid and determining whether said antibodies 
bind to a protein in said sample. 



35 



21. A method according t Claim 20 wh r in the mammalian 
body fluids are hvunan body fluids selected from the 
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group consisting of serum, setaen, plasma, breast 
exudate, urine, saliva, and cerebrospinal fluid. 

22. A method according to Claim 21 wherein the hiunan body 
fluids are selected from the group consisting of 
serxun, plasma, and semen. 

23. A method according to Claim 22 wherein the human body 
fluid is seriun or plasma. 

24. A diagnostic method for neoplastic disease associated 
with c-erbB-2 amplification employing an immunoassay 
to detect gp75 in human body fluids. 

15 25. A method according to Claim 24 wherein the neoplastic 
disease is a t\mor of an organ having a secretory 
fxinction. 



10 



20 



26. A method according to Claim 24 wherein the neoplastic 
disease is a tumor of epithelial origin. 



27. A method according to Claim 24 wherein the neoplastic 
disease is associated with a tumor or tumors of 
tissues from the group consisting of salivary glands, 

25 thyroid gland, breast, ovary, prostate gland, brain, 

pancreas, gastrointestinal tract, urinary tract, and 
liver. 

28. A method according to Claim 27 wherein tissues are 
30 from the group consisting of breast, ovary and 

prostate. 

29. A method according to Claim 24 wher in the neoplastic 
disease is a br ast adenocarcin m a and / or an ovarian 



35 aden carcinoma. 
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30. A method according to Claim 20 which comprises the 
use of a sandwich assay wherein one antibody is to 
intact gp75 escternal domain on a human cancer cell 
line and the other antibody is to intact gp75 

5 external domain on NIH3T3^ cell line* 

31. A method according to Claim 20 which comprises the 
use of a sandwich assay, ELISA assay or equivalent 
assay which can be uncimplified or amplified using 

10 avidin/biotin technology. 

32. A method for the determination of the presence of 
gp75 in mammalian body fluids wherein antibodies 
according to Claim 17 are employed. 

15 

33. A method according to Claim 20 wherein antigen in the 
sample of the human body fluid competes with a 
leibeled gp75 or protein or polypeptide thereof for 
the binding to antibodies recognizing gp75. 

20 

34. A method according to Claim 33 wherein a sandwich 
method is performed using antibodies to the gp75 
proteijis and/or polypeptides. 

25 35. A test kit for assaying gp75 in human body fluids 
which comprises: 

a) antibodies to gp75 proteins and/or polypeptides 
and/or antibodies to whole cells expressing 
30 c-erbB-2; and 



b) a detection means « 



36^^ — ^A-test-kit-for-assaying-gp75~-proteins_and/jor„ 



35 polyp ptides in human body fluids which compris s: 
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a) gp75 proteins and/ or polypeptides and/ or 

anti-idiotype antibodies to gp75 proteins and/or 
polypeptides; and 

5 b) a detection means. 

37. A vaccine comprising an immunogenic amount of one or 
more substantially pure, gp75 proteins and/or 
polypeptides dispersed in a physiologically 

10 acceptable, nontoxic vehicle, which amount is 

effective to immunize a human against neoplastic 
disease associated with amplification of c-erbB-2. 

38. A vaccine comprising an immunogenic amount of cell 
15 membranes which express .gp75 on their surface 

dispersed in a physiologically acceptable, nontoxic 
vehicle, vAiich sunount is effective to immunize a 
human against neoplastic disease associated with 
amplification of c-erbB-2. 



20 



25 



39. A vaccine according to claim 38 wherein the cell 
membranes are derived from cells that have been 
transformed to overescpress c-erbB-2 or from humsm 
cancer cell lines. 



40. A vaccine according to Claim 39 wherein the cell 
membranes are derived from recombinant hosts 
transformed to overes^ress a form of c-erbB-2 wherein 
the internal domain is truncated. 

30 

41. A fused protein or polypeptide comprising a gp75 
protein or polypeptide and attached thereto an amino 
acid sequence of a protein or polypeptid which is 
n t immunogenic in humans and which is not typically 



35 reactive to antib dies in human b dy fluids. 
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42. A purified and isolated DNA molecule comprising the 
DNA sequence that codes for gp75, 

43. gp75 proteins and polypeptides which are prepared 
5 synthetically. 

44. A laethod for screening for neoplastic disease, 
diagnosing neoplastic disease, monitoring the disease 
status of patients with neoplastic disease, or 

10 prognosticating the coxirse of neoplastic disease 

comprising: detecting and guantitating the level of 
gp75 proteins and/ or polypeptides, antibodies to gp75 
protein and/ or polypeptides, and ligand to c-erbB-2 
correlating the detected levels; and classifying 

15 patients as to their chances of long term survival or 

a time to relapse of the disease. 

45. A method according to Claim 44 performed after an 
operation to remove a tumor wherein the presence of 

20 gp75 protein/polypeptides, antibodies thereto, and/or 

ligand to c--erbB-2 in the human body fluid is 
indicative of metastases. 

46. A method of treating neoplastic disease associated 
25 with the ajaQ)lification of c-erbB-2 comprising the 

administration of a therapeutically effective amount 
of gp.75 prdtein and/ or polypeptide dispersed in a 
physiblogically accept2d3le, nontoxic vehicle. 

30 47. A method according to Claim 46 further comprising the 
administration of a therapeutically effective amoimt 
of a chemotherapeutic agent or agents in conjunction 
with the administration of the g75 prot in and/or 

" polypeptide^^ — 



35 
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48. A method according to Claim 47 wherein th 

ch motherapeutic agent or agents are alkylating 
agents . 

5 49. A method according to claim 47 wherein the 

chemotherapeutic agent or agents is or are selected 
from the group consisting of cisplatin, carboplatin 
and mephalan. 

10 50. A method of treating neoplastic disease associated 
with the amplification of c-erbB-2 comprising the 
administration of a therapeutically effective amount 
of anti-idiotype antibodies to a monoclonal antibody 
to gp75 protein and/or polypeptide dispersed in a 

^5 physiologicaly acceptable, nontoxic vehicle. 

51. A method according to Claim 33 wherein the gp75 
protein and/or polypeptide is replaced by 
anti-idiotype antibodies to a monoclonal antibody to 

20 gp75 protein and/or polypeptide. 

52. A substantially pure glycoprotein or any portion 
thereof which is the ectodomain of the c-erbB-2 
protein having a molecular weight of approximately 75 

2S kilodaltons when identified on SDS-PA6E. 

53. The glycoprotein of Claim 52 which has been produced 
by recombinant DNA methods. 



30 54, 



The glycoprotein of Claim 52 which has been further 
glycosylated and has a molecular weight of 
approximately 90-kilodaltons when identified on 
SDS-PA6E. 
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55. A diagnostic method for detecting the presence of 
human tumor cells which overexpress the c-erbB-2 
external domain glycoprotein having a molecular 
weight of approximately 75 kilodaltons in a human 

5 body fluid which comprises: 

a) contacting the body fluid with an antibody 
having specificity for the glycoprotein; and 

10 b) detecting the amount of the glycoprotein bound 

fiy the emtibody, wherein an elevated level of 
binding above the binding level of normal cells 
indicates the presence of tumor cells that 
overexpress the c-erbB-2 external domain. 

15 

56. The method of Claim 55 wherein the antibody is a 
monoclonal. 

57. The method of Claim 55 wherein the diagnostic method 
20 is in the form of a sandwich assay, a competition 

assay, a particle assay, a radiometric assay, an 
enzyme*-linked immunosorbent assay, a 
radiolmmunoprecipitation assay, or a f luorometric 
assay* 

25 

58. A method according to Claim 55 wherein the body fluid 
is serum, plasma, semen, breast exudate, saliva, 
urine or cerebrospinal fluid. 

30 59. A method of treating a human host suspected of having 
cancer cells which comprises administering a 
therapeutically effective amount of an antibody to 
the c- rbB-2 ctodomain glycoprot in f approximately 
75~ki^odaitons. ^ 

35 
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Anti-idiotype antibodies to antibodies to gp75 
proteins and/ or polypeptides. 

An assay to detect and quantitate ligand to c-erbB-2 
in human body fluids employing gp75 proteins and/or 
polypeptides. 

An assay to detect and quantitate antibodies to gp75 
proteins and/ or polypeptides in human body fluids 
employing gp75 proteins and/ or polypeptides. 

A process of purifying ligand to c-erbB-2 employing 
gp75 proteins emd polypeptides. 

Antibodies according to Claim 17 which are not 
cross-reactive with antibodies to the intact gp75 
which is onthe surface of c-erbB-2 expressing cells. 
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Figure 4 
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Figure 5 

Radioinmunoprecipitation of gp75 from SKBRS Supernatant 




SKBR3 12X 3T3 6X 
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Radioinmunoprecipitation of Supernatants From Various Cell Lines 



200.000 



97.400 



69,000 



46,000 




435-B 435-L 468 3T3t 
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